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EXPERIMENTAL STUDIES OF ASBESTOSIS 


ARTHUR J. VORWALD, Ph.D.(Path.), M.D. 


THOMAS M. DURKAN 
AND 

PHILIP C. PRATT, M.D. 

SARANAC LAKE, N. Y. 


SBESTOSIS is a form of pneumonoconiosis resulting from pro- 
longed inhalation of asbestos dust. The name “asbestos,” literally 
“unburnable,” is not that of a specific mineral but is a term applied to a 
number of different minerals whose characteristic feature is a structure 
composed of long, parallel, flexible fibers. This structure is unique 
because the fibers are capable of repeated longitudinal subdivision to 
units of molecular proportions. In length the fibers vary from a few 
microns to 6 or more inches (15 or more cm.). Some varieties are 
stiffer than others, but many are sufficiently flexible to be spun into 
yarn and woven on modified textile machinery. 

The asbestos minerals are silicates of variable composition and belong 
to the serpentine and the amphibole groups. Listed below are the more 
common varieties. 

Amphibole group: actinolite, amosite, amphibole, anthophyllite, 
crocidolite and tremolite. 

Serpentine group: chrysotile. 

The bulk of the asbestos of commerce is chrysotile, 3MgO.2SiO,,.- 
2H,0, which is mined on this continent principally in the Thetford region 
of the Province of Quebec, Canada, and in Vermont. Crocidolite and 
amosite also are used commercially but in much smaller amounts. 
Chrysotile occurs as veins in serpentine, a mineral of similar chemical 
composition, which exists in massive form and is made up of microscopic 
fibers without the parallel orientation characteristic of chrysotile. The 
massive, bluish black serpentine, which is smooth and soapy to the touch, 
is traversed by veins of fibrous chrysotile varying in width from a 
barely perceptible line to 6 (15 cm.) or more inches. The fibers run 


across the vein and not lengthwise with the formation. 


From the Saranac Laboratory of the Edward L. Trudeau Foundation, 


This series of studies of asbestosis, initiated at the Saranac Laboratory more 
than twenty years ago by the late Dr. Leroy U. Gardner, director of the laboratory, 
was nearly completed at the time of his death in October 1946, Although partial 
reports and informal reviews of some of the experiments had been given from time 
to time by Dr. Gardner, this paper presents for the first time a complete survey 
of the entire experimental investigation. 
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Attention is directed to the mineral brucite, MgO.H,O, which is 
often found in the same formations with serpentine and chrysotile and 
may be fibrous in structure. Except for the manufacture of magnesium, 
brucite has no commercial value at present because its fibers are not 
sufficiently flexible to be used in textiles, but they are capable of 
repeated longitudinal subdivision. Unlike other asbestiform minerals, 
brucite is not a silicate, and for this reason it has been a valuable tool in 


an experimental evaluation of the action of fibrous minerals on lung 
tissue. 


EXPERIMENTAL ASBESTOSIS 

For many years studies? have been carried on at the Saranac 
Laboratory in an investigation of the cause, nature and development of 
asbestosis. The present paper is devoted to experimental asbestosis, 


Fig. 1—Human asbestosis (P-36-144). The photomicrograph reveals a bronchi- 
ole (right center) with a smooth muscle bundle at its inferior margin and with an 
extensive zone of collagen deposition largely obliterating the surrounding alveolar 
structure. The black foci are macrophages containing incidental pigment. 
Asbestosis bodies are present but are not apparent at this magnification (x 200). 


and in it are described the experiments made on animals with various 
kinds of asbestos dust. Another report, to be prepared and issued at a 
future date, will be concerned with human asbestosis and will cover 
the health aspects of workers who have been exposed to asbestos dust in 
an industrial environment. 


Although in man asbestosis is a chronic disease with diffuse pulmo- 
nary fibrosis which requires years to develop, it is possible to reproduce 


1. (a) Gardner, L. U., and Cummings, D. E.: Studies on Experimental Pneu- 
mokoniosis: VI. Inhalation of Asbestos Dust; Its Effect upon Primary Tuberculous 
Infection, J. Indust. Hyg. 13:65 and 97, 1931. (b) Gardner, L. U.: Chrysotile 


Asbestos as an Indicator of Subtile Differences in Animal Tissues, Am. Rev. 
Tuberc. 45:762, 1942. 
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in One or more species of animal characteristic tissue changes which are 
similar to the lesions of human asbestosis (fig. 1). Since the life span of 
the experimental animal is relatively short, it is not possible to produce 
the characteristic lesions in animals under conditions identical with the 
usual industrial environment. Consequently, to obtain a complete evalu- 
ation of the tissue response to inhaled particulate and fibrous material, 
it is necessary to accelerate the reaction by employing higher concentra- 
tions of dust than would ordinarily be encountered in industry. While 

conditions of exposure are thus different, the information yielded by 
F animal experiments is invaluable in furnishing a better understanding of 
the reaction of the human organism to inhaled asbestos dust. 


EXPERIMENTAL 


For investigating the tissue reactions of experimental animals to the 
various asbestos minerals, two types of technic have been employed, 
namely, the inhalation method and the injection method. In inhalation 
experiments, groups of animals—up to 100 or more guinea pigs and 
sometimes smaller numbers of rabbits, cats, dogs, rats or mice—are 
kept for eight hours a day in a cubical dust room, 8 ft. (2.5 M.) in 
dimension, in which a cloud of asbestos dust is maintained by a rotating 
paddle in a dust hopper."* At intervals during the experiment a few ‘ 
animals are killed and the tissues examined to determine the nature 
and the extent of the dust reaction. Some animals are exposed for 
periods up to three years. The injection experiments are used to deter- 
mine in as short a time as possible whether or not a particular dust has 
a potential capacity to produce inflammatory reaction when in direct 
contact with tissues of the body. The method involves injecting the 
dust, either dry or suspended in fluid, into the animal by the intravenous, 
the intraperitoneal, the intratracheal or another route. 

Long term inhalation experiments furnish information on which 
great reliance is placed when estimating the degree to which a dust might 
constitute a respiratory hazard to industrial workers. Even though an 
atmospheric dust may be potentially dangerous, as indicated by injection 
experiments, only inhalation procedures will reveal whether the dust can 
be inhaled, pass the natural defense barriers of the body and reach the 
pulmonary tissue in quantities sufficient to cause damage. Injection 
methods are useful, however, because they make certain that contact 
occurs between the dust particles and tissues and because they allow 

_ accurate estimation of the dosage and of the potential capacity of that 
dose to produce reaction. The intratracheal method is particularly 
valuable when one is dealing with fibrous minerals like asbestos, since 
it permits observation of the effect of the fibers on pulmonary tissue. 


TissvuE SUSCEPTIBILITY 


Unlike free silica, asbestos does not produce specific effects in all 
organs of all species of animals. The comparative data presented in 
table 1 are based on completed observations and therefore differ slightly 
from a preliminary report." Fine quartz introduced into various organs 
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of various animals (guinea pig, rabbit, rat, mouse, cat, dog, chicken and 
even tadpole) eventually will produce silicotic nodules but at different 
rates. Similar introduction of long fiber asbestos has resulted in a 
fibrous reaction in the lung and, to a lesser extent, in the peritoneum 
but not in other organs of the guinea pig, the rabbit, the cat and the white 
rat. In our experience the lungs of the dog and the white mouse failed 
to respond with fibrosis, although Schuster * has reported such changes 
in a dog that lived in an asbestos-fabricating plant. This variation in 
species and in organ susceptibility is yet to be accounted for‘; it is 
presumed that in the susceptible animals the greater reaction of the lung 
to asbestos, far exceeding the reaction of other organ tissues, is due 
principally to the greater mobility of the lung. 


PecuLIAR CHARACTERISTICS OF ASBESTOS 


Experience has demonstrated that most of the nonfibrous . dust 
particles inhaled into the lungs of man and animal are 10 microns or less 


TaBie 1.—Reaction to Long Fiber Chrysotile in Lungs of Man and Other 
Species of Animal 


Mode of Exposure Fibrosis * Asbestosis Bodies 
Inhalation 4+ Numerous 
Inhalation and injection 2+ Moderately numerous 
Inhalation and injection Rare and atypical 
Inhalation and injection Rare and atypical 
Inhalation and injection Very rare 
Inhalation Rare and atypical 
Injection None 


* The symbols 0 to 4+ refer to the degree of tissue reaction. 


in maximum dimension. Larger particles apparently do not gain access 
to the lungs, because, first, large particles settle in air so rapidly that 
few remain suspended in the atmosphere breathed and, second, large 
particles are more effectively removed by the protective mechanisms of 
the upper respiratory tract. In the case of fibrous materials these factors 
have less influence and fibers 100 and even 200 microns in length have 
been found in the terminal air spaces of human lungs. In small labora- 
tory animals exposed to asbestos dust the maximum length of fiber 
found in the lung rarely exceeds 60 microns. 

A large proportion of nonfibrous particulate dust inhaled into the 
lung is found in the terminal air spaces (alveolar ducts, atriums, alveoli) 
in all parts of the organ; in contrast, inhaled asbestos fibers are first 
discovered in the respiratory bronchioles. These small passages are 
immediately distal to bronchioles lined by ciliated epithelium.* Their 


2. Schuster, N. H.: Pulmonary Asbestosis in a Dog, J. Path. & Bact. 34 
(pt. 2):751, 1931. 

3. Vorwald, A. J.: Variations in Individual Susceptibility to Industrial Dusts 
Inhaled into the Lungs, Am. Rev. Tuberc. 62: (IB) 13, 1950. 

4. Miller, W. S.: The Lung, Springfield, Ill., Charles C Thomas, Publisher, 
1937. 
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own essential lining is a low cuboidal type of epithelium but, as their 
name implies, they actually function in respiration through lateral 
alveoli distributed along their walls. Either these alveoli or the abrupt 
change in the character of the lining epithelium, or the small diameter 
of the respiratory bronchiole, or the combination of all three factors is 
responsible for retention of the fiber at this site. Only after asbestosis 
is well established are appreciable numbers of fibers seen in the more 
peripheral air spaces. Further explanation is required to clarify this 
observation. 


Rate or TissuBWREACTION To AsBesTos FIBERS 


The affected tissues react much more rapidly to asbestos than to 
, quartz dust. For example, in rats receiving asbestos fibers by intra- 
tracheal injection fibrosis of a characteristic type is visible as early as 
one month after injection; for quartz dust the latent period is two 
months or more. Thus, the development of nodular fibrosis due to 
inhaled silica lags behind the deposition of dust to a greater extent than 
does the evolution of the diffuse reaction to asbestos. This results in a 
difference in the degree of progression which follows termination of 
exposure to dust. For example, on discontinuance of exposure the 
nodules of silicosis become larger, to a limited extent, for a considerable 
period of time, whereas the fibrosis of asbestosis increases for only a 
short time. Subsequently, the asbestotic fibrous tissue contracts; this ' 
process often distorts the adjacent pulmonary tissue and may, as a result, 
progressively interfere with cardiorespiratory function. 


AssBestosis Bopres 


The peculiar structure known as the asbestosis body or “curious 
body” is a specific concomitant of asbestosis.’ The typical body is a 
golden yellow, beaded or haustrated rod, which may be either straight 
or curved (fig. 2). Often one or both ends are bulbous like a dumbbell. 
The bodies vary considerably in length, and dimensions up to 250 
microns have been recorded. 

It is believed that asbestosis bodies are inhaled fibers on which pro- 
tein and iron pigment of tissue origin have been deposited.* Gloyne ™ 
observed reproduction of these bodies in guinea pigs nine months after ° 
subcutaneous injection of fibers rendered free of iron. The bodies are 
abundant in man and in the guinea pig (table 1) but are much larger 
in the former, probably because the larger-sized air passages admit 
fibers of greater dimension. In guinea pigs they form after about 70 days 


5. Gloyne, S. R.: (a) The Formation of the Asbestosis Body in the Lung, 
Tubercle 12:398, 1931; (b) The Asbestosis Body, Lancet 1:1351, 1932. (c) Gard- 
ner and Cummings.!# 

6. Lynch, K. M., and Smith, W. A.: Asbestosis Bodies in Sputum and Lung, 
J. A. M. A. 95:659 (Aug. 30) 1930. Simson, F. W., and Strachan, A. S.: 
Asbestosis Bodies in the Sputum: A Study of Specimens from 50 Workers in an 
Asbestos Mill, J. Path. & Bact. 34:1, 1931. Gardner and Cummings.'® Gardner.» 
Gloyne.5a, > 
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of contact with the tissue. In cats, rabbits and mice a few of the fibers 
show an atypical coating after much longer residence in the lungs. In 
rats the bodies are rarely seen, and in dogs none could be found. 
Although the evidence is incomplete, it appears that the formation of 
the asbestosis body prevents the fiber from damaging the tissue. Many 
of the points mentioned above will be elaborated on in subsequent para- 


Fig. 2.—4, human asbestosis bodies. This collection of asbestosis bodies was 
found in the lung shown in figure 1. The usual variations of size and configuration 
are represented (x 400). 


B, guinea pig asbestosis body. This one is similar to some of those shown in 
A (x 400). 


graphs dealing with the actual experiments. For presentation our 
investigation is divided into two sections, one dealing with inhalation 
experiments and the other with injection experiments. 
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INHALATION EXPERIMENTS 


Four large scale inhalation experiments have been conducted in this 
laboratory with various forms of asbestos dust. In each of these investi- 
gations, more than 160 animals were used, and the experiments were 
carried on for periods ranging from two to more than five years. The 
four kinds of asbestos dust employed are designated as King’s floats, 
short fiber, 100 per cent ball-milled, and long fiber asbestos dust. 


Kinc’s Fioats Assestos Dust 


The first inhalation experiment conducted at the Saranac Laboratory 
with asbestos dust was begun in 1928. Animals inhaled the dust for 


TaBLe 2.—Chemical Analysis of Asbestos Dusting Materials 


Type of Asbestos SiOz Fe2Os AleOs CreOs MnO CaO MgO NazO COs 


9089 140 O14 0.09 085 35.96 O14 0.20 0.98 14.09 100.11 
0.78 0.08 0.31 40.18 006 0.06 0.57 14.00 99.76 


* Not determined. 


TaBLe 3.—Petrographic Analysis of Asbestos Dusting Materials 


King’s floats *: The approximate composition, based on particles (except chrysotile) smalier 
than 10 microns and reported as percentages obtained from particle counts, was chrysotile 14, 
serpentine 40, magnetite 12, carbonates 18, tale 12, other minerals 4. For chrysotile, fibers up to 
200 microns long were included. 


Short fiber +: The material, before being ball milled, contained a preponderance of fibrous 
chrysotile and platy (nonfibrous) serpentine. The approximate composition, by percentage, was 
chrysotile 17, serpentine 55, magnetite 10, quartz 2, brucite 5, other minerals, including dolomite, 
actinolite and tremolite, 11. 


Long fiber +: The material consisted principally of the fibrous asbestos mineral chrysotile. 
Shreds of nonseparated fibers 5 to 15 microns in diameter and up to 50 microns in length were 
present. The approximate composition, by percentage, was chrysotile 75, serpentine 15, mag- 
netite 5, brucite 2, other minerals, among which were calcite and chloritie and micaceous 
minerals, 3. Only a trace of quartz was observed. 


*The analysis of the King’s floats asbestos, made by Dr. C. S. Hurlbut Jr., of Harvard 
University, has been reported elsewhere (Hurlbut, C. S., Jr., and Williams, C. R.: The Min- 
eralogy of Asbestos Dust, J. Indust. Hyg. & Toxicol. 17: 292, 1935). 

+ For the short fiber asbestos and the long fiber asbestos the petrographie analysis was 
supplemented with x-ray diffraction examination. 


periods up to 33 months. Some guinea pigs with six and nine months’ 
exposure lived for an additional three years afte: cessation of their 
exposure. A preliminary report’ presented observations after 29 
months of exposure. At that time observations covered a period of only 
2% years and the conclusions as to the ultimate effects of inhaled 
asbestos dust were provisional. Those conclusions are substantiated by 
results of the completed study, which is reported as follows. 

Composition and Atmospheric Concentration of the Dust-—The dusting material, 
a commercial variety of asbestos known as King’s floats, was composed of short 
fibers, ranging in length from 1 mm. to 1 micron or less, and of particles which 
also varied in size. It was obtained from the Thetford, Quebec, plant of the 
Asbestos Corporation of America, and analyses (tables 2 and 3) reveal that the 
amount of fibrous chrysotile was only 14 per cent, a rather low value. 
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Impinger samples taken soon after the experiment was started indicated that 
the dust concentration was at first quite low, the average dust count being only 
6.0 million particles per cubic foot of air by the standard light field technic and 0.8 
million for particles and fibers greater than 10 microns. After the inhalation 
experiment had been under way for about two years, the speed of the rotating paddle 
in the dusting machine was increased and for the remaining 10 months of the experi- 
ment considerably more dust was dispersed into the atmosphere. The average dust 
count of impinger samples collected after this change was 53.7 million by the usual 
light field method and 1.6 million for particles and fibers larger than 10 microns. It 
is probable, however, that the true values of the dust concentration were higher 
than the counts given in this paragraph. The impinger samples for the King’s 
floats experiment were collected in water, but later studies? have shown that 
counts of impinger samples of asbestos dust taken in water are not reliable. Ethyl 
alcohol instead of water was used as the collecting fluid in all subsequent experi- 
ments. 


TasLeE 4.—Summary of Inhalation Experiment with King’s Floats Asbestos Dust 


Maximum 
Maxi- Survival 
mum After 
Dust Ex- Dust Ex- 
posure, posure, 
Nature of Experiment Animals Mo. Mo. Results 
Dust exposure continuous through- 54 guinea pigs 33 Typical peribronchiolar fibrosis after 16 months 
out life 9 rabbits Foreign body bronchitis 
18 rats Little or no reaction 
Dust exposure followed by pro- 25 guinea pigs Nonprogressive fibrosis 
longed residence in normal air 25 guinea pigs Nonprogressive fibrosis 
a Absorption of foreign body reaction 
Tuberculous infection * at start of 40 guinea pigs 
dust exposure 
Controls to infection: no dust ex- 28 guinea pigs 
posure 


Tuberculous infection * after 26 mo. 12 guinea pigs No appreciable increase in susceptibility to 
of dust exposure, then residence tuberculous infection; healing with fibrosis 

in normal air 

Controls to infection: no dust ex- 12 guinea pigs 

posure 


o coo 


Temporary progression of infection, followed 
by healing with fibrosis 
Healing by resolution (one exception) 


19 
6 
6 
9 
6 

19 

0 

26 


19t Healing by resolution 


* The guinea pigs were infected with low virulence Ra strain of tubercle bacillus. 
+ This means the survival period following infection. 


Results of the investigation, briefly summarized in table 4, show that inhalation 
of King’s floats asbestos dust produced a typical peribronchiolar fibrosis in guinea 
pigs but not in rabbits or rats. 

Reaction in Normal Guinea Pigs.—Guinea pigs inhaling this dust for periods up 
to 33 months had a characteristic fibrosis occurring in conical patches about the 
respiratory bronchioles. During this exposure the peripheral alveoli were not 
involved. The particulate elements of the dust were transported through the 
lymphatic system to the bronchial nodes, causing no significant reaction in either 
site; the fibrous elements remained fixed at the points of original localization and 
were seldom detected in the lymph nodes. 

After exposure of approximately a year a small amount of cellular reaction 
had been produced about many respiratory bronchioles (fig. 3A). As more dust 
was inhaled, it continued to accumulate in the same location, and later stages of 
the disease (fig. 3B) consisted of extensions of the original lesions. 

Apparently, the inhaled fibers were caught in the pocket-like alveoli that 
are given off from the lateral walls of the respiratory bronchioles. There they 


7. Fulton, W. B.; Houtz, R. L.; Dooley, A., and Mathews, J. L.: Asbestosis: 
I. The Collection and Counting of Asbestos Dust Encountered in Asbestos Fabri- 
cating Plants, Special Bulletin 37, Pennsylvania Department of Labor and Industry, 
Harrisburg, 1934. 
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were phagocytosed, and many of them were carried into the wall by migratory 
cells. Mononuclear leukocytes attracted to the area caused an appreciable thicken- 
ing of the bronchiolar wall. After 16 months a delicate fibrosis made its appearance. 
The process evolved gradually, and the number of fine intercellular collagenous 
fibers steadily increased. As this fibrous deposit contracted, it partially closed and 


Fig. 3—King’s floats inhalation experiment: A, lung of a guinea pig with 12 
months’ exposure. It includes a respiratory bronchiole, at the left, branching and 
becoming an alveolar duct, at the right. Note the accumulation of cells in the 
wall of the bronchiole and in adjacent alveoli (x 130). B, lung of a guinea pig 
with 28 months’ exposure. The field includes a bronchiole, at the center, with 
peribronchial fibrosis extending into the walls of adjacent alveoli. Note the cuboidal 
aon lining these alveoli. This is the so-called “adenomatoid” appearance 

x 200). 


distorted the alveoli, and with this change the alveoli became lined with cuboidal 
cells. The result was an adenoma-like appearance which frequently accompanies 


| 


f 
4 

4 


10 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


chronic pulmonary inflammation resulting from many causes. Willis ® described 
a similar structure in the lungs of guinea pigs inhaling silicon carbide. The longer 
asbestos exposures resulted only in more thickening of the walls of the air spaces, 
largely due to an increase in the amount of fibrosis. The fibrous tissue always 
remained cellular and failed to show the hyalinization characteristic of silicosis. 


Fig. 4.—King’s floats inhalation experiment: A, lung of a guinea pig with 
six months’ dust exposure followed by 35 months’ inhalation of normal air. The 
reaction is rather slight, but distinct fibrosis is present (x 200). Note that 28 
months of continuous exposure (fig. 3B) produces much more extensive reaction. 

B, lung of a guinea pig exposed to the asbestos dust for nine months and 
living thereafter in normal air for 37 months. The reaction shown is more than 
that in A but much less than the reaction in figure 3B (x 200). 


8. Willis, H. S., and Brutsaert, P.: Tumor-like Structures in the Lungs 
of Guinea Pigs Artificially Exposed to Silica Dust, Am. Rev. Tuberc. 17:268, 
1928. 
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Asbestosis bodies (fig. 2B), first seen in the lungs of the guinea pigs that had 
inhaled dust for about two months, became more numerous and more distinctly 
segmented with increasing exposure. 

The reaction produced in guinea pigs exposed for six and nine months did not 
progress significantly during a subsequent period of 35 and 37 months when the 
animals lived in a normal atmosphere (fig. 4). Between eight and 11 months 
after exposure ceased, the cellular reaction in the lung had been completely replaced 
by thin strands of fibrous tissue. At later periods the scar tissue was less in 
amount, but in the last animal kilied, 37 months after discontinuing dust exposure, 
some fibrosis was still visible. 

Reaction in Guinea Pigs Infected with Tubercle Bacilli at the Onset of Dust 
Inhalation —Of the group of 40 guinea pigs infected with attenuated tubercle 
bacilli, R: strain,® at the time that dust exposure was begun, 31 died or were 
killed before the completion of two years of the exposure and were reported in the 
é paper by Gardner and Cummings.!® Seventeen of these died from intercurrent 
pneumonia. Briefly, the results were as follows: Ten revealed some evidence of 
spread of the tuberculous process (fig. 54); in 6 of these it was confined to 
the lungs, and in the other 4 the abdominal viscera also were involved. Extension 
of the infection was first seen after seven months of dust inhalation; during the 
next 20 months more than half of the animals showed actively spreading tuber- 
culosis, and in 3 of them small cavities had developed. During the last eight 
months no animals exhibited any evidence of active infection although in half of 
them the healed fibrous scars of previous spreads were obvious. The scars were 
more extensive than is characteristic of either tuberculosis or asbestosis alone. 

The nine animals which were still alive after two years of dust exposure were 
killed at intervals during the following year. In four of them the primary foci 
of infection were healed with fibrosis and even calcification, and there was no 
evidence of progression (fig. 58). In the remaining five the tuberculous foci 
showed evidence of having previously spread locally; in four of them, by the time 
of autopsy, the foci were healed, with excessive fibrosis; in the fifth animal there 
was a generalized chronic tuberculous pneumonia in one lobe, and in the other 
lobes there were isolated primary tubercles, which were still active but had not 
spread. 

Reaction in Guinea Pigs Infected with Tubercle Bacilli After Establishment of 
Asbestosis—Twelve guinea pigs, after inhaling King’s floats asbestos dust for 26 
months, were infected with tubercle bacilli and then removed to normal air. Six 
of these animals died within seven weeks, five from intercurrent nontuberculous 
infection. The remaining six animals were killed at intervals up to 14 months 
after infection. The subpleural tubercles were no more numerous in the dusted 
animals than in the nondusted controls, but a considerable number were found in 
the depths of the lung about foci of asbestosis. The tuberculous component of the 
combined reaction showed only slight local extension about lesions in the lungs 
and tracheobronchial lymph nodes. Caseation was found in tubercles 14% months 
old, but by 5% months it had completely disappeared, leaving only scar tissue. 
Foci of fibrosis still persisted in the last animal, which was killed 14 months after 
infection. 

Reaction in Rabbits—Rabbits exposed to the asbestos dust for periods up to 
19 months showed a foreign body type of reaction of low grade, but no fibrosis. 
Although their lungs contained particulate elements of the dust, fibers were not 
present, indicating that the upper respiratory mechanism of the rabbit is adequate 
to exclude fibrous foreign bodies. Two rabbits, after inhaling dust for six and 19 


9. Steenken, W., Jr., and Gardner, L. U.: R: Strain of Tubercle Bacillus: 
Its Dissociation and Virulence of Variants in Normal and Silicotic Guinea Pigs, 
Am. Rev. Tuberc. 54:51, 1946. 
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months, lived in normal air for more than two years. At autopsy neither animal 
showed any evidence of cellular reaction or fibrosis in the terminal bronchioles, nor 
were there any asbestosis bodies. 


Reaction in White Rats—All the rats had acquired an infection, resulting in 
the formation of pulmonary abscesses, before they came to autopsy. Apparently, so 
much heavy mucus obstructed their bronchi that very few fibers could have entered 


Fig. 5.—King’s float inhalation experiment: A, lung of guinea pig infected 
with R; tubercle bacilli and then exposed to dust for 24 months. A bronchiole is 
shown just above center. Surrounding it is some collagen deposition, together 
with typical epithelioid cell infiltration of the wall. Note the lack of encapsulation 


and the peripheral epithelioid cell pneumonia, which illustrate a spreading tuber- 
culous process (x 200). 


B, lung of a guinea pig infected with R: tubercle bacilli and then exposed to 
dust for 35 months. Note the subpleural distinctly encapsulated caseous focus, the 
calcification at the right border of the lesion and the absence of cells in adjacent 
alveoli, all of which illustrate a healing tuberculous process (x 200). 
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their lungs. In a few of the rats, an occasional asbestosis body was discovered, 
but there was no fibrosis. This phase of the experiment was considered unsuc- 
cessful. 


Summary and Interpretation of Inhalation Experiment with King’s 
Floats Dust——The findings in the experiment with King’s floats dust can 
be summarized under two headings: 


1. Effect of the inhaled dust on normal animals. The King’s 
floats dust caused a characteristic peribronchiolar fibrosis in guinea 
pigs but not in rabbits or rats. The fibrosis did not increase significantly 
in extent after the dust exposure was discontinued. 

2. Effect of the inhaled dust on tuberculosis in guinea pigs. In guinea 
pigs infected with attenuated tubercle bacilli and then placed in the 
dust room, the results were more variable than is usual in an experi- 
ment of this type. A few animals showed no sign of progression of the 
infection ; in most of them there was evidence of temporary progression 
with subsequent healing ; in one animal the tuberculous process remained 
active to death. In contrast, when guinea pigs after being infected are 
exposed to quartz dust instead of asbestos dust, the infectious process 
continues to progress and eventually causes the death of the animals. 
On the other hand, infected animals exposed to a harmless dust like iron 
oxide do not show any progression of the infection."° Guinea pigs 
infected with attenuated tubercle bacilli after the termination of two 
years’ asbestos dust exposure did not show progressive disease. The 
only modification of the infection was in its localization, a few bacilli 
being retained in the peribronchiolar fibrous tissue, with tubercles 
forming there in addition to the usual tubercles beneath the pleura. 

In view of the variability of the results, the unusual nature of the 
response and the high proportion of deaths due to intercurrent pneu- 
monia, it is felt that only tentative conclusions as to the influence of 
asbestos dust on the course of tuberculous infection are justified by this 
experiment. 

Snort Finer Aspestos Dust 


Since hazardous dusts like quartz are most effective in producing 
fibrosis when the particles are 3 microns and less in size, an inhalation 
experiment was performed to determine whether this condition is true 
for asbestos dust. It was thought that a short fiber asbestos dust 
consisting almost entirely of fibers and particles smaller than 3 microns 
would initiate an accelerated tissue response and produce an advanced 
reaction in a shorter time than did the King’s floats dust, which con- 
tained fibers from 1 mm. to 1 micron and less in length as well as much 
particulate matter. 


Composition and Atmospheric Concentration of the Dust.—The dusting material 
for this experiment was the remains of fibers collected in dust bins of an asbestos- 
fabricating plant after a carding operation and screened to pass 200 mesh. Since 


10. Vorwald, A. J.; Pratt, P. C.; Durkan, T. M.; Delahant, A. B., and Bailey, 
D. A.: Siderosis: A Benign Pneumoconiosis Due to the Inhalation of Iron Dust, 
Indust. Med. & Surg. 19:170, 1950. 
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the material as received contained many long fibers, it was ground in a steel ball 
mill to reduce practically all the particles to 3 microns or less in size. When 
used alone in the standard dusting machine, this finely ground asbestos tended to 
pack in the hopper, and it became necessary to mix one volume of the unground 
material with three volumes of the ground to generate a satisfactory dust cloud. 
It is pertinent to mention here that the addition of the small quantity of unground 
asbestos was unfortunate, because it confused the interpretation of results. 

The composition of the short fiber asbestos as received is disclosed by the 
chemical and petrographic analyses given in tables 2 and 3. Samples taken before 
and after grinding yielded about the same values on analysis, indicating that there 
was no contamination from the mill or loss of water content. 

The dust concentration varied during the experiment, the light field counts for 
atmospheric samples collected inside the animal cages with the impinger apparatus 
ranging from 83 million to 182 million. The average of counts was 130 million for 
the first year of the experiment, 134 million for the second year and 140 million 
for the third year. 

Size-frequency measurements of air-floated dust from inside the cages at a 
magnification of 1,300 x revealed a great preponderance of fine particles, nearly 


Tasie 5.—Summary of Inhalation Experiment with Short Fiber Asbestos Dust 


Maximum 
Maxi- Survival 
mum After 
Dust Ex- Dust Ex- 
posure, posure, 
Nature of Experiment Animals Mo. Mo. Results 
Dust exposure continuous through-; 46 guinea pigs 34 0 Rate of reaction about the same as in experi- 
out life ment with King’s floats asbestos but extent 
of involvement very much less t 
73 rats $2 0 Characteristic patches of peribronchiolar fibro- 
sis; no asbestosis bodies 
18 cats Subpleural reaction only 
7 rabbits No fibrosis seen grossly; microscopic evidence 
of alveolar wall thickening after 46 months’ 
exposure 
Progression after removal from dust doubt- 
ful—neither clearly established nor definitely 
excluded 
2 cats 31 Same as for continuous exposure 
l rabbit 62* Similar to continuous exposure; evidence of 
slight regression 


Dust exposure followed by prolonged 13 guinea pigs 
residence in normal air 


* After 33 months the animals were exposed to 100 per cent ball-milled asbestos. 


+ The reaction was probably due to long fibers in the unground material which was mixed with the ground asbestos dust 
to produce a satisfactory dust cloud. 


90 per cent of the particles seen being smaller than 3 microns. It was estimated 


that approximately 1 per cent of the dust was in the form of fibers greater than 
10 microns in length. 


Four species of animals—guinea pigs, white rats, cats and rabbits—were used in 


this experiment. The results of the dust exposure, summarized in table 5, are 
presented in greater detail below. 


Reaction in Guinea Pigs.—Eighty guinea pigs were originally placed in the dust 
room, but 21 of them were later eliminated from the experiment and killed because 
of enlargement of the cervical lymph nodes thought to be due to intercurrent 
infection of the upper respiratory tract. Of the other 59 animals, 46 remained in 
the dust room until they were killed or died at periods up to 34 months, and 13 


animals were transferred to normal air after being exposed to the dust for 20 
months. 


The type of tissue reaction provoked by the inhaled short fiber asbestos was 
essentially the same as that already observed in the experiment with King’s floats 
asbestos. The rate of reaction also was approximately the same, but the extent 
of involvement was very much less. After 16 to 24 months of exposure only a very 
few small foci of reaction, which generally required microscopic examination for 
detection, had been produced in the guinea pigs. 
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Only after exposures had continued for approximately one year was there an 
appreciable tendency for dust-containing phagocytes to gather into clumps. By 
16 months phagocytes had collected about the walls of a few of the respiratory 
bronchioles which revealed a little proliferation or infiltration of mononuclear 
cells. There were also some multinucleated cells, but they were of the inert, 
foreign body type. At 20 to 24 months the cellular clumps were sometimes quite 
prominent, and sometimes changes in the epithelium resulted in the adenoma-like 
or “adenomatoid” appearance (fig. 3B) previously described in the section review- 
ing the experiment with the King’s floats dust. In most of the subsequent members 
of the series the reaction remained cellular, but a few exhibited pronounced 
development of fibrous tissue. In these few members of the series the col- 
lagen was pale in color and tenuous, with no appearance of being hyalinized. 
Diffuse chronic pleurisy was present in a few animals without evidence of pul- 


TasBLe 6.—Analyses of Lungs of Guinea Pigs After Prolonged Inhalation of 
Short Fiber Asbestos Dust 


Period Amount of Total 
Exposure to in Normal Ash, % of SiOe, % of Total SiOe, Tissue 
Dust, Mo. Air, Mo. Dried Lung Dried Lung % of Ash Reaction * 
Dust Exposure Continuous During Life 
5.02 0.51 10.23 
12 4.58 0.46 10.08 
5.16 0.54 10.54 + 
5.00 0.49 9.96 
uw 0 4.76 0.43 9.00 
4.95 0.53 10.60 + 
0 { 5.86 0.85 14.46 
20 1 6.43 0.90 14.07 2+ 
24 0 § 5.42 0.78 14.48 
) 5.50 0.78 14.20 3+ 
q § 5.35 0.96 17.89 
0 6.35 1.97 19.46 4+ 
§ 6.06 0.75 12.37 
* 0 1 6.35 0.96 15.11 4+ 


Exposure Foll 


*The symbols averaging the tissue reaction in each group of guinea pigs represent merely 
the relative degree of reaction, ranging from + (questionable) to 4+ (the maximum for this 
experiment). The relationships apply only within this table and cannot be compared with 
symbols in other tables. 


monary infection. ‘This suggests that pleurisy may be a specific concomitant of 
asbestosis, but the evidence is not adequate to establish this point. The reaction 
of the tracheobronchial lymph nodes was more pronounced than in the previous 
experiment with King’s floats asbestos, probably because more fine particles had 
been transported to the nodes in animals inhaling short fiber asbestos. The nodal 
reaction was essentially an increase in reticulum, rather than a fibrosis, with the 
original cells being preserved between the thickened reticular fibers. 

In the group removed to normal air after 20 months’ inhalation of dust, progres- 
sion of disease was not definitely demonstrated, but neither could it be absolutely 
disproved, owing to the variability of the response in different animals. The 
reactions, from mild to severe, occurred sporadically and bore no relationship to 
the length of time after cessation of exposure. The differences were attributed 
to variation in individual , susceptibility. This view received support from the 
chemical analyses (table 6), which revealed comparable amounts of ash and silica 
in lungs with widely different amounts of tissue change. For example, the ash 
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Dust owed by Prolonged Residence in Normal Air 
4 5.16 0.48 9.30 
5.11 0.36 7.16 2+ 
6.11 0.62 10.21 
4.77 0.25 5.31 
20 4 5.18 0.26 5.00 
4.77 0.22 4.60 2+ 
on 
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and silica values were quite similar for three animals living in dust 20 months 
and then in normal air for 14 months, yet the tissue reaction was severe in one 
animal, mild in another and only doubtful in the third. 

The formation of asbestosis bodies was at first extremely limited in both groups. 
After five months’ exposure only a very rare short body could be found, usually 
inside a cell. Some of the finest intracellular particles were surrounded by yellow 
deposits having the same color as the asbestosis body. One year’s exposure had per- 
mitted an accumulation of many longer fibers, a number of which were coated and 
seen as typical asbestosis bodies. Most of these were still short enough to be partially 
or entirely within phagocytic cells. By the twentieth month and thereafter they 


TasBLE 7.—Analyses of Lungs of White Rats That Had Inhaled 
Short Fiber Asbestos Dust 


Total Amt. of Total af 
Duration Ash,% % Total Duration Ash, % SiO2, % Total 
of Expo- of Dried of Dried SiO2, % of Expo- of Dried of Dried SiOe, % 
sure, Mo. Lung Lung of Ash sure, Mo. Lung Lung of Ash 
3.9 0.00 0.0 3.3 0.07 3.3 
4.3 i” 0.00 0.0 6 3.4 0.05 15 
2.9 0.00 0.0 3.7 0.04 11 
o* 3.6 0.00 0.0 
3.3 0.00 0.0 
3.9 0.00 0.0 
3.4 0.00 0.0 
2 8 H 3.5 0.15 3.4 
3.5 0.08 2.1 ; 4.4 0.17 4.0 
2 3.6 0.13 3.5 3.7 0.16 4.2 
2.9 0.09 3.2 
ko 3.2 0.05 15 4.9 0.18 3.8 
i . 3.3 0.08 2.3 10 4.6 0.15 3.3 
+ + 3.6 0.11 3.0 5.3 0.15 2.8 
2.2 47 0.13 28 


* Normal controls (no dust exposure). 


TABLE 8.—Average Values of Ash and Total Silica for Lungs of White Rats Inhaling Various 


Amt. of Ash, % of Dried Lung Total SiOz, % of Dried Lung Total Si0e,% of Ash 
Dura- — A —— 
tion Short Gypsum- Short Gypsum- Short Gypsum- 
of Ex- Fiber Ferru- Quartz Fiber Ferru- Quartz Fiber Ferru- Quart 
posure, Asbes- ginous Mix- Asbes- ginous Mix- Asbes- ginous Mix- 


Mo. tos Quartz Chert ture tos Quartz Chert ture tos Quartz Chert ture 


«| 4 3.4 4.5 8.9 3.8 0.09 0.51 0.32 0.07 2.5 14 3.6 2.0 
; 6 3.5 7 99 3.4 0.05 2.94 8.45 0.11 1.6 41.5 34.4 3.4 
_| 8 3.8 4.6 9.0 3.6 0.15 1.44 2.40 0.32 3.9 29.4 26.5, 9.1 

10 


4.9 7.8 14.1 4.1 0.15 4.40 6.09 0.28 3.2 56.6 43.2 6.7 


were relatively numerous although still rare in comparison with the findings in the 
King’s floats experiment. 

Reaction in White Rats—Seventy-three white rats were exposed to atmospheric 
short fiber asbestos dust for periods up to 32 months. During the first 10 months 
animals were killed bimonthly and for the remainder of the experiment at less 
frequent intervals. Up to eight months the dust cells were widely scattered and 

i existed in foci only sporadically. Reaction was limited to occasional slight thicken- 

: ing of the septums about small accumulations of dust cells. At 10 months there 9) 
- was a suggestion of early fibrosis in a few rats, but the change was so slight that 
it would probably have been overlooked without the clump of dust cells which 
attracted attention to the area. Only 10 animals were exposed for from 12 to 32 
months. In each of them the lungs contained minute foci of well defined fibrosis 
distributed like that of asbestosis but without asbestosis bodies. The lesions, 
visible only at a magnification of 150 diameters or more, consisted of patches along 
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alveolar ducts in which the walls of the associated air spaces were very thick, owing 
to swollen collagen framework. Connective tissue and Foot-Bielschowsky silver 
preparations revealed complete loss of capillary bed locally. Outside the collagen 
was a thin layer of epithelial cells. This did not resemble the “adenomatoid” change 
characteristic of guinea pig asbestosis. Near the lesions the air spaces were 
filled with phagocytes containing gray to yellow particulate dust and a rare, long, 
naked asbestos fiber. Careful search failed to reveal even a suggestion of an 
asbestosis body. Pleurisy was absent. The tracheobronchial nodes showed com- 
pact focal collections of monocytic cells at 12 months and, at 20 months, some 
diffuse thickening of the reticulum. In a few rats there was definite fibrosis along 
the margins of the node, extending into the mediastinal areolar tissue. 


Results of chemical analyses made on the white rats are given in table 7, and 
the average values have been recorded in table 8 for comparison with similar 
values for rats inhaling other dusts. It will be noted that the values for asbestos 
are lower than those for quartz or chert but approximate those for the gypsum- 
quartz mixture, in which atmospheric agglutination tended to reduce the amount 
of dust inhaled. This condition prevailed even though the atmospheric concentra- 
tion of asbestos dust was essentially the same as that of the quartz, was one-half that 
of the gypsum-quartz mixture and was one-fifth that of the ferruginous chert. 
Since the values for asbestos are low, it might be inferred that the total quantity 
of that dust actually inhaled was small or that it had been eliminated from or 
dissolved within the lungs. Evaluation of these possibilities is not feasible on the 
basis of the observations derived from this study. 

Reaction in Cats—Twenty cats were used in this inhalation experiment with 
the short fiber ashestos. Eighteen were kept in the dust room continuously until 
put to death, the exposure period ranging from one month to nearly 54 months. 
The other two were removed to normal air after a dust exposure of 31 months; 
one of these was killed five months, and the other 24 months, later. In general, 
the tissue response was confined to microscopic foci of fibrosis, which were in the 
walls of groups of subpleural alveoli rather than in the peribronchiolar areas. In 
one animal the change was extensive enough to be visualized on gross inspection 
of the section. Only in the animal with the longest exposure—54 months—did 
the roentgenogram reveal definitely abnormal shadows. A roentgenogram made 
after 30 months revealed no abnormality; after 45 months, a faint mottling could 
be detected throughout both lungs. At autopsy, nine months later, there was only 
microscopic fibrosis in the subpleural zone plus heavy lymphocytic infiltration about 
small bronchioles. Asbestosis bodies were rare. On prolonged search a few 
yellow atypical bodies, smooth and without haustrations, were found in two animals 
exposed for more than a year. 

Reaction in Rabbits——Eight rabbits were exposed to dust for periods extending 
from one to more than five years; the last animal was removed from the dust 
room and left in normal air six months before being killed. There was never 
enough pulmonary fibrosis to be detected grossly, and there was no chronic adhesive 
pleurisy. Microscopic evidence of alveolar wall thickening was first detected in 
one animal after about three years of exposure and was seen in all five animals 
examined thereafter, including the one removed to normal air. One animal that 
died of paralysis after nearly four years of exposure exhibited a reaction visible 
on gross inspection of tissue sections. The possibility of pulmonary infection in 
this animal could not be excluded. In another animal dying two years later the 
focal fibrosis was not nearly as obvious or as advanced. Areas of involvement, 
which were largely visualized because of phagocytic reaction within the air spaces, 
tended microscopically to become more fibrous with the passage of time, but there 
was never much encroachment on the lumen of air spaces and the structure of the 
lung was preserved. Asbestosis bodies were not detected in rabbits that died 
early in the experiment but were seen in all animals that had been exposed to 
the dust for more than three years. 
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Summary and Interpretation of Inhalation Experiment with Short 
Fiber Asbestos Dust—The original purpose of the experiment was to 
evaluate the role of short asbestos fibers in the genesis of asbestosis. It 
was felt also that if the tissues reacted more rapidly and more extensively 
to short fiber asbestos than to King’s floats there would be a basis for 
believing that the action of asbestos is in part, at least, a chemical one 
as postulated for quartz. This experiment, in which the tissue reaction 
was slower and less extensive than that in the previous experiment 
with King’s floats dust, indicates that the capacity of inhaled asbestos 


fibers to produce fibrosis is determined primarily by factors not chemical 
in nature. 


Of the four species exposed in this experiment, only the guinea pig 
and to a lesser extent the white rat responded with characteristic peri- 
bronchiolar fibrosis. The cat reacted with atypical subpleural fibrosis 
and the rabbit with only slight parenchymal fibrosis. 


Assestos Dust 


In the inhalation experiment with short fiber asbestos dust a small 
quantity of unground short fiber asbestos was mixed with the ball- 
milled product in order to generate a suitable dust cloud. When that 
experiment failed to produce an accelerated tissue reaction, in’ com- 
parison with the response initiated by King’s floats, it became apparent 
that the biologic activity of asbestos is not increased by a reduction of 
fiber size. Thus the possibility arose that the tissue reaction observed 


was due solely to the relatively few long fibers of the unground asbestos 
and that the short fibers of asbestos had no more than a very insignificant 
role in the production of asbestosis, a concept not in accord with 
previous experiments concerning pneumonoconiosis. Consequently 


another inhalation experiment was started in which only ball-milled 
asbestos was used. 


Composition and Atmospheric Concentration of the Dust.—The dusting material 
was the ball-milled, short fiber asbestos used in the previous inhalation experiment, 
but unground material was not mixed with it. Owing to the tendency of the 
material to form small spherules which prevented much of the fibrous portion from 
floating out of the dusting machine, the dispersal of the dust was not entirely 
satisfactory. Therefore, after an initial seven months of operation, steel wire 
brushes were attached to the inside surface of the hopper and to the rotating paddle 
to disintegrate the spherules and release the fibers. This arrangement gave satis- 
factory results and was used for the remaining 21 months of the experiment. 

The composition of the raw asbestos used is shown in tables 2 and 3. Petro- 
graphic and x-ray diffraction examination of atmospheric dust, collected in the 
dust room with an electrostatic precipitator after the installation of wire brushes, 
indicated that about 15 per cent of the air-suspended material was chrysotile, and 
about 60 per cent, serpentine; of the balance, magnetite comprised 10 per cent, 
brucite 3 per cent, quartz 2 per cent and other minerals 10 per cent. During the 
seven month period before the wire brushes were used, the chrysotile content of 


the atmospheric dust was somewhat lower than 15 per cent, but reliable values 
were not obtained. 


The dust concentration during the first seven months of the experiment was 
about 100 million particles per cubic foot of air. After the wire brushes were 
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installed, the dust counts were higher, and the over-all average for the remaining 
21 months was about 150 million. i 

Size-frequency studies of atmospheric dust collected inside the animal cages 
: revealed that nearly 99 per cent of the components suspended in the air could be 
: classified as clumps or particles; only about 1 to 1.5 per cent was fibers. One third 
to one half of the fibers were longer than 10 microns, indicating a concentration 
of long fibers of about 0.8 million. This figure is about one-half the estimated 
value of 1.4 million for the short fiber experiment. 

Guinea pigs, rats and mice were used in the inhalation experiment with the 100 
per cent ball-milled asbestos dust. The results are summarized in table 9. 

Reaction in Guinea Pigs—The experiment was started with 100 guinea pigs. 
As the dust exposure proceeded, there were 39 accidental deaths, 32 of these being 
due to pneumonia in an epidemic. The 61 pigs remaining exposed to the dust were 
killed at intervals during exposure, except for 16 guinea pigs transferred to normal 
air after 28 months of dusting. For the first year of exposure practically the only 
reaction to the dust was the presence of scattered phagocytes and an occasional 
minute asbestosis body. At 16 and 20 months no gross response was visible on 
the tissue section, but microscopically peribronchiolar foci of inflammatory cells 


TaBLe 9.—Summary of Inhalation Experiment with 100 per Cent Ball-Milled 
Asbestos Dust 


Maximum 
Maxi- Survival 
mum After 
Dust Dust 
Expo- Expo- 
Nature of sure, sure, 
Experiment Animals Mo. Mo. Results 

Dust exposure econ- 84 guinea pigs 24 0 No appreciable pulmonary reaction 
tinuous through. 40 rats 20 0 No suggestion of asbestosis 
out life 24 mice 22 0 No suggestion of asbestosis. 

Dust exposure fol- 16 guinea pigs 28 12 Fibrosis typical of asbestosis was 
lowed by pro- present 12 mo. after exposure 
longed residence ceased in an amount sufficient to 
in normal air be visible grossly; smaller foci 


2 mo. and 8 mo. after termina- 


: 
could be seen microscopically at i 
tion of exposure 


could be seen. At 24 months (fig. 6.4) there was still no change large enough to 

be seen with a hand lens, although microscopic examination revealed cellular 

accumulations about terminal bronchioles and many more asbestosis bodies, chiefly we 
within cells. The lungs of animals exposed for the full dusting period of 28 
months and afterward living in normal air for two months revealed the changes 
described above and also very slight peribronchiolar fibrosis. For exposed animals 
living eight months in normal air the findings were similar, but at 12 months three ; 
of four animals showed grossly visible characteristic peribronchiolar fibrosis with i 
adenomatoid change (fig. 6 B). 

The tracheobronchial nodes were essentially normal until exposure had been 
continued for more than a year and a half. Animals killed at 12 months and at 
16 months revealed a few minute collections of phagocytes containing particles 
but practically no fibers large enough to be recognized as such. After 20 months 
of exposure many monocytes filled with yellow granules were present. At 30 
months there had been a slight increase in reticulum but no fibrosis. No further 
changes occurred in the nodes. Asbestosis bodies were not seen in the nodes of 
any of the guinea pigs. 

Minute asbestosis bodies were observed in the lungs as early as three months 
after exposure began, but they did not become numerous until 16 months had 
elapsed. The bodies were short and practically all were intracellular, although at 
20 months some were long enough to project beyond the cell borders. It is 
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important to note that in the later months of exposure there was a distinct increase 
in the number of long fibers, up to 70 microns in length, in the lungs with the 
formation of characteristic long asbestosis bodies. 

Chemical analyses (table 10) of the lungs revealed that considerable dust had 
been retained in the lungs. After 24 months of continuous exposure the average 


Fig. 6.—Ball-milled asbestos inhalation experiment: A, lung of a guinea pig 
with 24 months’ dust exposure. A bronchiole is shown at the center, with a slight 


accumulation of phagocytic cells but without the formation of collagen (x 200). 


B, lung of a guinea pig with 28 months’ dust exposure and then 12 months’ 
inhalation of normal air. The reaction is much like that shown in A, but there is 
a slight deposition of collagen, most apparent at the left (x 200). 


value for total silica, per cent of ash, was 25.37. This-should be contrasted with 
the average value of 14.34 (table 6) for animals byrne 24 months to the short 
fiber asbestos dust. 
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In view of the high values for silica obtained with the animals exposed to 
100 per cent ball-milled dust, it is important to note that their pulmonary response 
was much less than that of animals exposed for 24 months to the short fiber 
asbestos in the previous experiment. This again indicates that the biologic activity 
of asbestos inhaled into the lung is not increased by a reduction in size of the fibers. 

Reaction in White Rats and Mice—In this experiment 40 rats were exposed 
for periods up to 20 months and 24 mice for periods up to 12 months. In neither 
species did even a suggestion of asbestosis develop, and reaction was limited to 
phagocytosis of inhaled particles by widely scattered dust cells which remained 
free in air spaces or were transported to the tracheobronchial lymph nodes. No 
asbestosis bodies were found in the rats, but in the mice there were a very few 
small, nonhaustrated forms within phagocytes. 


Taste 10.—Analyses of Lungs of Guinea Pigs Exposed to Dust in Inhalation 
Experiment with 100 per Cent Ball-Milled Asbestos Dust 


Period Amt. of Total 
Exposure to in Normal Ash, % of SiOz, % of Total SiOz, Tissue 
Dust, Mo. Air, Mo. Dried Lung Dried Lung % of Ash Reaction * 
Dust Exposure Continuous During Life 


| 4.85 0.21 4.28 
1 0 { 4.30 0.30 7.05 
4.35 0.24 5.60 0 
| 4.66 0.28 4.90 
2 0 4.60 0.34 7.40 
| 5.05 0.61 12.01 0 
5.60 0.70 12.47 
8 0 5.07 0.32 6.38 
5.74 0.56 9.77 0 
5.10 0.38 7.51 
5 0 5.08 0.38 TAT 
5.02 0.39 7.72 0 
8 0 4.35 0.5 11.86 0 
§ 5.65 1.25 22.16 
0 6.24 1.45 23.28 
§ 5.40 1.02 18.96 
16 0 1 5.01 111 21.95 + 
5.65 1.28 22.60 
20 0 15.20 1.28 24.61 + 
6.30 1.85 29.05 
0 5.56 1.21 21.70 + 
Dust Exposure Followed by Prolonged Residence in Normal Air 
§ 7.25 1.57 21.68 
28 1 8.67 2.19 25.24 + 
§ 5.25 0.68 12.99 
28 8 1 5.96 0.87 14.55 + 
6.38 0.84 13.08 
= } 5.17 


0.64 12.41 2+ 


*The symbols averdging the tissue reaction in each group represent merely the relative 
degree of reaction, ranging from 0 to + (questionable) to 2+ (the maximum observed in this 
experiment). The relationships apply only within this table and cannot be compared with 
symbols in other tables. 


Summary and Interpretation of Inhalation Experiment with 100 per 
Cent Ball-Milled Asbestos Dust—The tissue reaction observed in this 
experiment was not as intense as that in the previous investigation with 
short fiber asbestos. The reaction was slower in development and less 
extensive even though more dust accumulated in the lungs. Since there 
were fewer fibers longer than 3 microns in the material used in this 
experiment, the results tend to confirm the interpretation made in the 
summary of the previous short fiber experiment that the reaction is not 
primarily chemical in nature, and to support the impression that reduc- 
tion in size of asbestos fibers does not increase the biologic activity of 
asbestos inhaled into the lung. 
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The finding of long asbestosis bodies in animals that had inhaled the 
ball-milled material is an example of the difficulty of completely eliminat- 
ing long fibers from a large volume of asbestos as required for an 
inhalation experiment. 


In regard to the progression of the tissue reaction after the animals 
had been removed from the dust, observed in this experiment but not in 
the others, the following interpretation is offered: When the reaction is 
well developed at the termination of exposure, the contraction of the 
fibrous tissue obscures any progression that may have occurred; in this 
experiment, however, since the reaction observed was less mature, its 
subsequent progress was more readily apparent. 


Lone Freer Aspestos Dust 


Since inhalation of short fiber and of 100 per cent ball-milled asbestos 
dust did not result in acceleration of the tissue reaction in comparison 
with that produced by King’s floats, the hypothesis that short fibers of 
asbestos were of minor importance in the etiology of asbestosis was 
given added support, and attention was directed to the view that the 
long fibers were of primary significance in that etiology. The King’s 
floats asbestos used in the first inhalation experiment had a rather low 
content of fibrous chrysotile and contained considerable serpentine and 
other impurities. Therefore, it was decided to conduct a new inhalation 
experiment with a purer form of chrysotile which would be richer in long 
fibers. 


Composition and Atmospheric Concentration of the Dust——The dusting material 
employed in this investigation was obtained from an asbestos fabricating plant. 
Samples of several varieties of long fiber asbestos dust were first submitted to the 
Saranac Laboratory for examination, and one of these, which was low in magnetite 
and chromite and had a fibrous content estimated to be about 75 per cent, was 
selected as most suitable. Steel wire brushes, fastened to the inside surface of 
the hopper and to the rotating paddle as in the preceding inhalation experiment, 
were used to open up the bundles of asbestos and liberate more fibers into the 
atmosphere. 


The composition of the long fiber asbestos used is indicated by the chemical 
and petrographic analyses given in tables 2 and 3. Analysis of air-suspended 
material from the dust room disclosed that about 60 per cent of the long fiber dust 
was chrysotile and about 20 per cent serpentine; as already noted, the composition 
of a similar air-floated sample of ball-milled, short fiber dust was 15 per cent 
chrysotile and 60 per cent serpentine. 

The dust concentration as revealed by impinger samples taken inside the animal 
cages was much lower than the concentration for the experiments with short fiber 
or ball-milled dust. For the first year of the experiment with long fiber asbestos 
the average of the light field counts was 32 million particles per cubic foot of air; 
for the second year, 48 million; for the third year, 39 million, and for the fourth 
year, 43 million. 


The size-frequency of atmospheric samples of the long fiber asbestos dust 
and of the ball-milled dust is shown in table 11, Both samples were collected 
with the electrostatic precipitator. It will be noted that there was far more 
fibrous material in the long fiber dust. 

Guinea pigs, cats, rats and mice were employed in this inhalation experiment. 
The results, summarized in table 12, are described in greater detail below. 
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Reaction in Guinea Pigs.—The experiment was started with 100 guinea pigs. 
After exposure had been carried on for a year, a severe epidemic of pneumonia 
arose in the dust room and about one third of the animals died or were killed. To 
replace them, 38 more guinea pigs were added to the surviving group. Histological 
examination revealed lesions in the lungs after eight months of dust exposure, 
consisting of cellular connective tissue about the terminal bronchioles (fig. 7.4). At 
12 months there were adenomatoid changes in the adjacent parenchymal areas, 
and by the sixteenth month (fig. 7B) definite fibrosis was present in these areas 
as well as around the bronchioles. The fibrous lesion could be seen macro- 
scopically at 20 months. From this time on the reaction increased in extent and 
in the amount of collagen, and by the thirty-fourth month, it had fanned out 


Taste 11.—Sisze-Frequency of Atmospheric Long Fiber and 100 per Cent Ball- 
Milled Asbestos Dust Collected Inside Cages 


Grains, % Fibers, % 
<s 3-10 > 10 <10 >10  Clumps, 
‘Type of Asbest Mi Microns Microns Microns Microns Jo Total 
Lone 65.4 1.1 0.0 25.8 6.7 1.0 100 


4.8 


0.0 0.8 0.6 3.2 100 


Taste 12.—Summary of Inhalation Experiment with Long Fiber Asbestos Dust 


Maximum 


Maxi- Survival 
mum After 
Dust Dust 
Expo- Expo- 
Nature of sure, sure, 
Experiment Animals Mo.» Mo. Results 
Dust exposure con- 117 guinea pigs 36 0 Definite fibrosis in 16 mo. 
tinuous through- 4 cats 42 0 Slowly developing fibrosis first seen 
out life at 24 mo. 
20 rats % 0 Marked peribronchiolar fibrosis first 
seen at 24 mo. 
20 mice pe) 0 Limited reaction; no fibrosis 
Dust exposure fol- 12 guinea pigs 20 Mu Clearing of inflammatory reaction 
lowed by pro- and definite contraction of fibrous 
longed residence tissue 
in normal air 9 guinea pigs 27 9 C‘earing of inflammatory reaction 
and slight contraction of fibrous 
tissue 
2 cats 18 24 Similar to continuous exposure 
group; suggestion of progression 
in one of the two animals ; 


considerably into the parenchyma (fig. 8A). The lesions were rather sharply 
localized and the extensions from different bronchioles showed no tendency to 
fuse, even in animals exposed for the maximum period of three years. Although 
the intrapulmonary reaction sometimes reached the pleura, there was no involve- 
ment of that membrane. Emphysema was not detected at any point. Some thicken- 
ing of the larger bronchi with a chronic inflammatory infiltration was revealed, 
. but it was considered no more than would be produced by a similar period of 
inhalation of any dust. 


In guinea pigs exposed to the dust for 20 months and then removed to normal 
air, there was a marked tendency for cellular inflammatory reaction to clear. This 
effect, accompanied by contraction of the fibrous tissue, resulted in a diminishing 
size of the focal lesions. None of these animals, killed at various periods up to 
14 months after exposure, revealed lesions as large as those in the group killed at 
the end of the 20 month exposure period or those in animals which remained in the 
dust room for more than 20 months. Fourteen months after dust exposure ceased, 
the foci in four of the six remaining guinea pigs were so small that they were 
visible only with a hand lens (fig. 8 B). 
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In the group exposed for 27 months and then transferred to a normal atmosphere 
the response was quite similar to that in the 20 month exposure animals mentioned 
above. Small foci were always visible on gross inspection of sections of all 
guinea pigs of the 27 month series, but in no instance was there evidence of the 
reaction. 


Fig. 7—Long fiber asbestos inhalation experiment: A, lung of a guinea pig 
with eight months’ dust exposure. The bronchiole at the center already shows an 
accumulation of phagocytic cells, and there is a slight deposition of collagen. Com- 
pare with figure 6 A, showing the reaction to ball-milled asbestos after 24 months 
(x 200). 

B, lung of a guinea pig with 16 months’ dust exposure. Again note a bronchiole 
with its surrounding reaction, consisting of fibrosis and adenomatoid change. Col- 
lagen deposition is now ‘seen in the walls of adjacent alveoli, at the right (x 200). 


In the tracheobronchial lymph nodes reaction was first visible at the third 
month of exposure. By the eighth month patches of cellular connective tissue 
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began to appear in the medulla, and by the fourteenth month most of the node 
had been replaced by cellular connective tissue. This picture, which resembled 
that in early silicosis, persisted to the end of the experiment. Some animals showed, 
as a variant, heavy sheets of diffusely distributed monocytes and large active giant 
cells, but there was never any necrosis or hyaline formation. The spindle-shaped 


Fig. 8—Long fiber asbestos inhalation experiment: A, lung of a guinea pig 
with 34 months’ dust exposure. A bronchiole is seen at the lower center; the 
large area above it represents the involvement of alveolar walls. Compare with 
figure 7 B and note the increased extent of reaction (x 200). 

B, lung of a guinea pig with 20 months’ dust exposure and then 14 months’ 
living in normal air. The reaction is essentially like that shown in figure 7 B: 
The bronchiole at the right center is surrounded by fibrous tissue with adenomatoid 
change at the right. There is residual scarring in the walls of adjacent alveoli at 
the left. It is apparent that no progression has occurred (x 200). 


new cells were yellowish from fine pigment granules that stained for iron. No 
fibers or asbestosis bodies were seen. 
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Although asbestosis bodies were found in the lung as early as one month 
after exposure began, they were rare and hard to find. At five months more 
were visible, chiefly coiled inside giant cells, and at eight months many bodies 


TABLE 13.—Analyses of Lungs of Guinea Pigs Exposed to Dust in Inhalation 
Experiment with Long Fiber Asbestos Dust 


Period Amt. of Total 
Exposureto in Normal Ash, % of SiOz, % of Total SiOz, Tissue 
Dust, Mo, Air, Mo, Dried Lung Dried Lung % of Ash Reaction * 


Dust Exposure Continuous During Life 


4.35 1.10 
4.33 
4.37 


0.24 
0.50 
0.84 
0.37 
0.35 


owed by Prolonged Residence in Normal Air 


0 
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0 
Dust Exposure Fo 


0 
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*The symbols averaging the tissue reaction in each group represent merely the relative 
degree of reaction, ranging from 0 to + (questionable) to 4+ (the maximum for this experi- 


ment). The relationships apply only within this table and cannot be compared with symbols 
in other tables, 


were free in connective tissue. They became fairly abundant as exposure con- 
tinued, although in some later animals the asbestosis bodies were only moderately 
numerous. 

It is important to note from analyses of the lungs (table 13) that even though 
the tissue response at any given period of time was much greater in the guinea 


3 
4 + 
0 
0.05 1.23 
2 0 0.05 1.18 
0.06 1.46 
0.05 1.20 
8 0 0.05 1.13 
0.06 1.48 + 
0.08 1.75 
5 0 0.12 2.67 ae 
0.09 1.77 + 
0.10 2.21 3 
8 0 0.09 1.90 3 
0.07 1.58 + 
0.25 5.20 
12 0 0.20 4.09 
0.31 5.99 + 
16 0 0.35 12.95 
0.34 10.91 2+ 
20 0 0.49 13.63 
0.52 14.59 2+ 
4 0.35 10.18 
hog 0.29 11.51 
27 0.49 13.15 3+ 
i 0.37 10.55 
30 0 11.22 
6.10 44 
8.60 
34 12.47 44 
a 9.11 
0.43 12,22 
20 0.49 13.63 
0.52 14.59 2+ 
0.21 71.23 
4 20 4 0.27 9.50 2+ fe 
0.24 5.75 
20 » 0.22 5. 2+ 
0.21 4.19 
20 4 0.18 3.58 + 
on 0.39 11.51 
0.18 6.94 2+ 
0.25 7.99 
0.29 8.96 
= ® 0.38 8.31 2+ 
j 
: 
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pigs of this experiment than in those exposed to either short fiber or ball-milled 
asbestos, the amount of mineral matter in the lung ash was much less. 

Reaction in Cats—Four cats inhaled the long fiber asbestos dust for periods of 
14, 25, 33 and 42 months, respectively, and were immediately killed. Two other 
cats, after being exposed to dust for 18 months, lived in a normal atmosphere for 
an additional 24 months. Fourteen months’ exposure was sufficient to produce 
cellular accumulations of phagocytes around terminal bronchioles and peripheral 
arterioles together with compact collections of similar cells in the tracheobronchial 
lymph nodes. At that time there were no typical asbestosis bodies, but smooth, 
pointed, yellow fibers were seen very rarely. With continued exposure, up to 42 
months, reaction in the locations noted progressed to the formation of cellular con- 
nective tissue which made well defined sheaths about the respiratory bronchioles 
and arterioles, marked lymphoid hyperplasia and lymphoid infiltration of bronchiolar 
walls (fig. 9). Typical asbestosis bodies were not formed, although there was 


2 


Fig. 9.—Long fiber asbestos inhalation experiment: Lung of a cat with 42 
months’ dust exposure. Two bronchioles are shown with adjacent cellular reaction 
and collagen deposition (x 200). 


an occasional fiber, smooth, yellow and pointed. Pleurisy was not present. The 
reaction was similar in location to that in the guinea pigs, but fibrosis was much 
slower in development. Roentgenograms of cats made after exposure periods of 
25, 33 and 42 months, respectively, failed to demonstrate evidence of pulmonary 
lesions. 

Reaction in Rats—Although 20 rats were placed in the dust room, many died 
from pneumonia and were not suitable for study. Five animals, of which one was 
exposed for 19 months and four for 25 months, were free from pulmonary infection 
and offered a basis for tentative conclusions. In the 19 month animal, the reaction 
was just beginning. All four animals killed at 25 months showed a well marked 
peribronchiolar fibrosis. After a long search, only two small, smooth asbestosis 
bodies were found in the 19 month animal and none was found in the 25 month 
animal. Thus these animals exhibited fibrosis without asbestusis bodies or fibrosis 
accompanied by only a very infrequent asbestosis body. 
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Reaction in Mice——Out of 20 white mice used in this experiment, 11 lived a year 
or more in dust and died or were killed without showing an appreciable degree 
of pulmonary infection. The reaction to the inhaled dust was limited to phago- 
cytosis by mononuclear cells. Usually these were widely scattered through the air 
spaces; a limited number were grouped about the terminal bronchioles, producing 
some thickening of their walls. There was no suggestion of fibrosis. 


Numerous asbestosis bodies were observed in animals killed late in the experi- 
ment. Thus these animals exhibited asbestosis bodies without fibrosis. 


Summary and Interpretation of Inhalation Experiment with Long 
Fiber Asbestos Dust—The purpose of this experiment was to evaluate 
the importance of long fibers in the tissue response to inhaled asbestos. 
The results, in comparison with those of previous investigations, indicate 
strongly that long fibers are chiefly responsible for asbestosis. Thus, 
the reaction in guinea pigs developed earlier and became more extensive 
in this experiment than in previous experiments in spite of a smaller 
concentration of atmospheric dust and a lower mineral content of the 
lungs. Furthermore, typical peribronchiolar fibrosis was produced in 
cats, although in a previous experiment with short fiber dust peribron- 
chiolar fibrosis did not develop in this species. 

The cause of the cellular fibrosis in the lymph nodes of the guinea 
pigs is not clear. It did not occur in other inhalation experiments with 
asbestos. 
INJECTION EXPERIMENTS 


Since the inhalation experiments reported above strongly suggested 
that long fibers of asbestos are the significant factor in the causation of 
asbestosis, a series of injection experiments was inaugurated wherein 
the dosage and the length of the fibers could be controlled more precisely. 
Also, by the use of controlled dosages, the relative capacities of various 
asbestos minerals to produce reaction could be compared. In these 
injection experiments, guinea pigs, rabbits, rats and dogs were used, and 
the mineral dust was injected by the intratracheal, the intraperitoneal 
and the intravenous technic, but not all the technics were used for each 
species. For the purpose of simplification the findings in each series of 
tests, except for dogs, have been condensed and reported in tables, to 
which reference will be made later. In the case of dogs, only one test 
was made, and since the findings were negative, no detailed report is 
included. 

ExperIMENTS UsinG INTRATRACHEAL TECHNIC 


As the asbestos minerals do not cause typical advanced fibrosis in 
extrapulmonary tissue, the intratracheal technic is the preferred way of 
introducing fibrous dust into the experimental animal. In this method 
the dust suspension is injected by means of a special needle or catheter 
deep into the trachea, from which it flows into the lungs. 

Comparison of Fibrous and Nonfibrous Dusts—To demonstrate that 
the ability of asbestos to produce fibrosis resides in its fibrous character, 
the series of injection experiments reported in table 14 were performed. 
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TasLe 14.—Comparison of Reactions to Chrysotile and Serpentine Injected 
Intratracheally 


Dosage: Each animal was given an intratracheal injection of 0.5 ec. of a 5 per eent suspension 
of the dust. Two weeks later another similar injection was given. Total amount of dust 
injected was 50 mg. 

Animals used: Six groups of 9 guinea pigs each (one group for each type of dust). 

Periods at which animals were killed: One or two animals in each group at 1, 2, 6, 8% and 12 
months after last injection. 

Preparation of dust: Chrysotile (ball milled) unheated: Ball milled for 1,176 hr., dried and 
reground in agate mortar. 

Chrysotile (ball milled) ignited: Ball milled chrysotile heated for 2 hr. at about 700 C., then 
ground in agate mortar 2 or 3 min. 

Chrysotile (fibrous) unheated: Ground in agate mortar to pass 200 mesh. 

Chrysotile (fibrous) ignited: 200-mesh material heated for 2 hr. at about 700 C. No further 
grinding. 

Serpentine (ball milled) unheated: Ball milled for 1,488 hr., dried and reground in agate mortar. 
Serpentine (ball milled) ignited: Ball milled serpentine heated for 2 hr. at about 700 C., then 
ground in agate mortar 2 or 3 min. 


Size of 
Mineral Dust Particles Results 


Chrysotile 3microns and Grinding destroyed capacity to cause fibrosis. At 1 mo. 
(ball milled) less considerable inflammatory edema and cellular prolifera- 
unheated tion and localization of dust particles about bronchi- 
oles; at 2 mo., only a very slight proliferative reaction; 
at 6, 8% and 12 mo., widely seattered small mononuclear 
phagocytes. At 12 mo., a few microscopic patches of 
thin alveolar wall thickening with some adenomatoid 
change in portion of air spaces abutting on thickened 
bronchi. No asbestosis bodies seen. 
Chrysotile 3 microns and Reaction limited to large foreign body giant cells without 
(ball milled) less production of fibrous tissue. 
ignited 


Chysotile 20-50 microns distinct fibrosis. Reaction localized to connective tissue 

(fibrous) approx. about terminal bronchioles; little within those tubes. 

unheated Contraction caused adenomatoid appearance of air 
spaces given off directly from terminal bronchioles. 
Reaction area became smaller with progress of time; no 
new regions involved. No chronic pleurisy even at points 
abutting intrapulmonary change. At 1 mo. considerable 
inflammatory edema and foci of cellular proliferation; 
at 2 mo. well marked cellular proliferation and fibrosis 
oceurring focally about respiratory bronchioles. This 
reaction developed before asbestosis bodies had formed 
and was as advanced as that produced by 2 yr. inhala- 
tion of asbestos dust. At 6 mo., reaction less extensive 
than at 2 mo., apparently due to contraction of fibrous 
tissue; asbestosis bodies were abundant. At 8% mo., 
reaction still less extensive, confined to the immediate 
vicinity of the small terminal bronchioles, where the sear 
tissue was quite dense and was becoming hyaline in char- 
acter. Sometimes it even obliterated the bronchiole. 
Asbestosis bodies had become searce. At 12 mo., the 
well developed peribronchial and intrabronchial adeno- 
matoid areas of fibrosis had produced considerable dis- 
tortion. More peripherally were patches of p itis 
with eosinophilic infiltration, some of which was being 
transformed into fibrous tissue. These seemed to be pre- 
eursors of the localized, diffuse patches of thin alveolar 
wall fibrosis seen elsewhere. 

Chrysotile 20-50 microns Reaction limited to large foreign body giant cells without 
(fibrous) approx. proliferation. Heating the fibers, which made them 
ignited brittle, destroyed their capacity to produce significant 

reaction. 


Serpentine 3 mierons and Dust relatively inactive. At 1 and 2 mo., simple phago- 

(ball milled) less eytosis without proliferation; at 6 mo., no change 

unheated except possibly lymphoid cell infiltration; at 8% mo., a 
slight chronie pneumonitis; at 12 mo., only a little 
pneumonitis without suggestion of fibrosis. 

Serpentine 3 microns and Dust relatively inactive. Reaction essentially the same as 

(ball milled) less for unheated serpentine. With ignited serpentine, less 

ignited tendeney for dust to be carried to bronchial nodes. 
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Fig. 10—Comparison of reactions provoked by injected long fiber and ball- 
milled asbestos dusts: A, lung of a guinea pig which four months before had 
received an intratracheal injection of long fiber asbestos dust. Note the peri- 
bronchiolar accumulation of cells with collagen deposition. The bronchiole chiefly 
involved is in the midst of the reaction (x 200). 

B, lung of a guinea pig which four months before had received an intratracheal 
injection of ball-milled asbestos dust. A bronchiole is shown at the right. In 
contrast with A, note that only a few cells have accumulated about the bronchiole 
and that collagen deposition is absent (x 200). 
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The tests were made with long fiber chrysotile, unheated, and with 
chrysotile that had been ignited to destroy its flexible structure or ball 
milled to reduce the length of fiber to 3 microns and less. At the same 
time control tests were made with serpentine, which has the same 
chemical composition as chrysotile but is nonfibrous. A review of the 
findings reveals that only the unheated, long fiber chrysotile produced 
typical peribronchiolar fibrosis and that ball-milled material containing 
only fibers less than 3 microns in length failed to cause fibrosis (figs. 
10 and 11). Fibers subjected to ignition also had lost their capacity 
to cause serious tissue damage. Ignition produced important changes 
in the chrysotile fibers, among them being loss of water, an alteration 
from a flexible to a brittle structure and possibly other changes. Experi- 


Fig. 11—Serpentine injection experiment: Lung of a Guinea pig that had 
received an intratracheal injection of this dust four months before. A bronchiole 
is shown at the left center. The phagocytic cells exhibit little predilection for 
the bronchiole and collagen deposition is absent (x 200). 


mental studies concerning this observation will be reported in a separate 
publication. 

Comparison of Various Long Fiber Dusts——Some very interesting 
findings are disclosed by the results of the experiments recorded in table 
15. First, all the long fiber asbestos minerals tested, with the exception 
of anthophyllite, produced typical fibrosis. The characteristic peri- 
bronchiolar reaction caused by three representative long fiber asbestos 
minerals—chrysotile, amosite and crocidolite—is shown in figures 10 A 
and 12. Why anthophyllite behaved differently from the other asbestos 
minerals is not entirely clear. 

Second, with the mineral brucite, which is not a silicate but is a 
fibrous form of magnesium hydroxide, a characteristic fibrosis like 


TaBLe 15.—Comparison of Reactions to Various Long Fiber Dusts Injected 
Intratracheally 


Dosage: Two injections of 0.5 ce. of a 5 per cent suspension given two weeks apart. Total 
dose was 50 mg. 


Animals used: From 6 to 9 guinea pigs for each dust. 
Periods at which animals were killed: Usually at 1, 4, 8 and 12 months after last injection. 
Size of dust particles: Separated so that most fibers were from 20 to 50 microns long. 


Mineral 


Results 

: Chrysotile Distinet fibrosis. Additional information given opposite chrysotile (fibrous) 

> (Thetford) unheated, in table 14. 

; Chrysotile Reaction virtually identical with that to Thetford chrysotile. Both fibrosis 
(Arizona; low and asbestosis bodies produced with an asbestos containing very little 
iron content; iron. Fibrosis occurred as plugs within terminal bronchioles and as finer 
0.2% FeeOs) deposits at periphery. Fibrosis developed before asbestosis bodies were. 


seen and was in cellular state well formed at one month. With age, 
fibrous tissue contracted and occupied smaller area but was more dense. 
Adenomatoid changes similar to those with Thetford chrysotile. Pleurisy 
limited to immediate vicinity of early reaction about areas of massive 
localization. Asbestosis bodies formed but were few. At 1 mo. after 
injection, minute foci of mononuclear proliferation about bronchioles and 
in areas of atelectasis; at 1% mo., heavy peribronchiolar patches of 
fibrosis often with papillary projections partially closing lumen of 
bronchiole; adenomatoid appearance marked; connective tissue reaction 
showed heavy collagen but no hyalinization: at 2 mo., minute foci of 
well matured fibrosis about bronchioles; at 6 mo., mature asbestosis 
fibrosis with evidence of contraction; considerable chronic pneumonitis 
with infiltration of lymphocytes and eosinophils. At 9 mo., small intra- 
bronehiolar fibrous plugs with foci of more delicate fibrosis at periphery. 

Amosite Typical fibrous endobronchiolitis and peribronchiolitis with formation of 
atypical asbestosis bodies. Haustration of bodies began before 4th mo. 
after injection, well developed by 8th mo. Bodies persist after 12th mo. 
Reaction at 1 mo. heavy endobronchiolitis and peribronchiolitis already 
showing fibrous changes; atelectasis and fibrosis with some necrosis at 
site of massive localization of dust. At 4 mo., heavy, widely scattered 
endobronchiolitis and peribronchiolitis, now fibrous, with marked defor- 
mity of bronchioles and with an adenomatoid appearance. At 8 and 10% 
mo., reaction in lung essentially the same as at 4 mo. At 12 mo., foci of 
fibrous endobronchiolitis and peribronchiolitis still large, with more dense 
sear tissue and more deformity of bronchial tubes but no extension into, 
or atelectasis of, peripheral parenchyma. 

Crocidolite Advanced fibrous endobronchiolitis and peribronchiolitis. Beaded asbes- 

(Bolivia) tosis bodies noted at 8 mo. At 1 mo., early fibrous endobronchiolitis and 
peribronchiolitis: many giant cells and some lymphocytic reaction. At 4 
mo., small areas of endolronchiolitis seattered throughout the lung: 
cellular fibrosis. At 8 and 12 mo., areas of bronchiolitis smaller because 
of contraction of dense sce~ tissue; at 12 mo., marked lymphocytic infil- 
tration and adenomatoid appearance. 

Crocidolite Typical advanced fibrous endobronchiolitis and peribronchiolitis produced 

(S. Africa) by 0.5% suspension (1 cc. total dose); most animals would not tolerate 
usual 5% suspension. Fibrosis well developed before asbestosis bodies 
seen, At 4 mo., well developed fibrous bronchiolitis with lymphocytes and 
giant cells and adenomatoid change. At 8 mo., typical bronchiolitis not 
quite as extensive or as heavily fibrous as with a 5% suspension, other- 
wise the same. Many deeply stained fibers with a good proportion of 
haustrated asbestosis bodies. At 12 mo., heavy fibrous bronchiolitis, 
more peribronchiolitis and endobronchiolitis, with lymphocytes and giant 
cells; very marked adenomatoid appearance. 

Anthophyllite Lymphoeytie infiltration and giant cells but no fibrosis. A very few atypical 
asbestosis bodies. At 1 mo., many scattered foci of intrabronchiolar dust 
without massive localization; lymphocytic infiltration of walls and a few 
giant cells. At 8 and 12 mo., little evidence of dust: a few bronchioles 
and bronchi with giant cells in adjacent alveoli and with lymphocytic 
infiltration of walls. 

Tremolite Fibrosis about bronchioles. At 1 mo., areas of dust localization with col- 
lapse of alveoli and infiltration with acute inflammatory cells, macro- 
phages and giant cells. Within the area were a few foci of fibrous tissue 
and numerous areas of hypertrophy of alveolar epithelium. Many bron- 

’ chioles packed with fibers. At 4 mo., general appearance of lesion 
unchanged; pleura slightly thickened over heavy localizations of dust. An 
oceasional segmented asbestosis body seen. At 8 mo., many foci of fibers 
in bronchioles and alveolar ducts with cellular reaction as before; also, 
some foci showed distinct collagen deposition. At 12 and 18 mo., reaction 
as before with fibrosis about bronchioles more apparent because of con- 
traction and decrease of inflammation. Giant cells prominent. Pleura 
markedly involved. 


Brucite Typical fibrous endobronchiolitis and peribronchiolitis like reaction to 
asbestos minerals. At 1 mo., extensive endobronchiolitis and peribron- 
ehiolitis with giant cells: dense fibrous loops within bronchioles and cellu- 

j lar fibrosis about them; adenomatoid change present. At 2 mo., heavy 

3 intrabronchiolar and peribronchiolar fibrosis producing marked deformity ~ 

: with distortion of tubes and obliteration of surrounding air spaces; 

fibrosis pale without hyalinization but with few nuclei; no necrosis. Typi- 

eal asbestosis bodies seen. At 4 and 8 mo., little change: fibrous tissue 

contracting. At 10% mo., dense fibrous bronchiolitis with asbestosis 

bodies. No pleurisy. No extension to surrounding lung. 


Glass wool No fibrosis within a year. At 1 mo., no reaction inside bronchioles; in 
peripheral air spaces clumps of giant cells packed with fine spicules of 
glass with lymphocytic infiltration of adjacent walls; no asbestosis bodies. 
At 2 mo., reaction less intense than at 1 mo.; fair-sized clumps of elon- 
gated giant phagocytes containing spicules and particles of glass; no 
endobronchitis. At 4 and & mo., reaction still diminishing. At 12 mo., 

foeal areas of pneumonitis with no fibrosis or endobronchitis; moderate 

number of smooth iron-staining fibers. 
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that produced by the asbestos minerals was obtained (fig. 13.4). Since 
the brucite used contained only 0.90 per cent silica as an impurity, it is 
obvious that a siliceous component is not an essential factor in the 
development of asbestosis. 


Fig. 12—Amosite and crocidolite injection experiments: A, lung of a guinea 
pig four months after an intratracheal injection of amosite. The inflammatory 
reaction exhibits pronounced accumulation of cells and collagen deposition (x 200). 

B, lung of a guinea pig four months after an intratracheal injection of crocido- 


lite. As in A, peribronchiolar accumulation of cells and deposition of collagen are 
shown (x 200). 


Third, no fibrosis resulted from the injection of glass wool fibers 
(fig. 13 B), even though glass wool resembles asbestos in many ways. 
However, there are fundamental differences. A glass wool fiber 3 microns 


34 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


in diameter is a solid rod which in short lengths is fairly rigid, 
while an asbestos fiber of the same diameter is a bundle of extremely 
fine filaments which impart to the fiber a high degree of flexibility. It 
would seem that this structure and the associated flexibility are important 
factors governing the capacity of a mineral to produce peribronchiolar 


Fig. 13—Brucite and glass wool injection experiments: A, lung of a guinea 
pig which four months before had received an intratracheal injection of brucite. 
Even with this nonsiliceous fibrous mineral there is peribronchiolar accumulation 
“ a deposition of collagen similar to that shown in A and B of figure 12 

x 

B, lung of a guinea pig which four months before had received an intratracheal 
injection of glass wool. Two bronchioles are shown, one in cross section and the 
other in longitudinal section. Below the latter is a thick-walled blood vessel. The 
bronchioles are without reaction and can be considered normal for comparison with 
other figures. Glass wool fibers are present in this field but cannot be seen at 
this magnification (x 200). 
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fibrosis. Experimental studies concerning this observation will be 
reported in a separate publication. 


Tasie 16.—Comparison of Reactions Produced by Long Fiber and Short Fiber 
Dusts Injected Intratracheally 


Dosage: Two injections of 0.5 ce. of a 5 per cent suspension given two weeks apart. Total 
dose was 50 mg. 


Animals used: Six groups of guinea pigs. 
Periods at which animals were killed: 1, 2, 6, 8% and 12 months after injection. 


Size of 
Mineral Dust Particles Results 


Chrysotile Long fiber, A distinct fibrosis. Refer to chrysotile (fibrous) un- 
(Thetford) heated in table 14 


Ps No fibrosis. Refer to chrysotile (ball milled) unheated 
3 microns in table 14. 
Amosite Typical fibrous endobronchiolitis and peribronchiolitis. 
Refer to table 15. 

Short fiber, Reaction limited to phagocytosis with lymphocytic infil- 
20 microns tration of adjacent walls. Short fibers packed inside 
and less swollen phagocytes; longer ones free; some coated to 

form typical asbestosis bodies. At 1 mo. after injee- 
tion, alveoli contained good-sized giant cells; most 
phagocytes were within air spaces and had not 
migrated to walls. At 4 mo., free extracellular fibers 
had worked themselves into interstitial tissue, where 
there was extensive proliferation of lymphoid cells and 
monocytes but no fibrosis. At 8 mo. foreign body 
reaction with some pneumonitis, no bronchiolitis. 
Typical asbestosis bodies present. 

Crocidolite Long fiber, Advanced fibrous endobronchiolitis and peribronchio- 
(Bolivia) 20-50 microns litis. Refer to table 15. 

Short fiber, No fibrosis. At 1 mo., air spaces compressed and 
20 microns largely filled with giant cells packed with dust needles. 
and less Walls heavily infiltrated with monocytes and lymph- 

oid cells. At 4 mo., a moderate degree of cellular 
infiltration of walls; small giant cells packed with 
dust spicules. At 6 and 8% mo., masses of giant cells, 
eontaining mineral particles, in small bronchi but not 
in respiratory bronchioles; smaller ones widely scat- 
tered in terminal air spaces. Numerous asbestosis 
bodies. No reaction in connective tissue. No endo- 
bronchial proliferation. At 12 mo., many scattered 
small monocytes packed with dust. No endobron- 
chitis. No peripheral fibrosis. In lymph node, slight 
reticulosis; no fibrosis. 

Anthophyllite Long fiber, Lymphocytic infiltration and giant cells but no definite 

20-50 microns fibrosis. Refer to table 15. 

Short fiber, No fibrosis and practically no asbestosis bodies. At 1 
3 microns mo., foeal collections of dust-filled monocytes and a 
and less few giant cells; at 4 mo., some adenomatoid epithelial 

reaction; at 8 mo., simple pneumonitis with phago- 
cytosis of short fibers; at 12 mo., isolated and sharply 
localized collections of dust cells inside air spaces 
about terminal arterioles. Reaction in walls limited 
to lymphoid cell infiltration. No fibrosis. In lymph 
node, reaction limited to slight prominence of reticu- 


lum. 
Tremolite Fibrosis about bronchioles. Refer to table 15. 


Short fiber, Simple foreign body reaction. No acute inflammation. 
20 microns No accumulation of dust in or about terminal bron- 
and less chioles. No endobronchitis. At 1 mo., seattered small 

giant cells and considerable infiltration of adjacent 
walls with monocytes and lymphoid cells. At 4 mo., 
little change except more cellular infiltration of con- 
nective tissue. At 8 mo., lymphoid infiltration and 
thickening of walls about some but not all terminal 
bronchioles. 

Typical fibrous endobronchiolitis and peribronchiolitis 
like reaction to asbestos minerals. Refer to table 15. 

Short fiber Inert type of reaction. At 1 mo. after injection, small 
(made by monocytes widely scattered through air spaces; focus 
crushing long of atelectasis with lymphoid infiltration of compressed 
fibers with air-space walls. No endobronchial reaction as with 
rubber police- chrysotile. At 2 mo., reaction similar to that at 1 
man) mo.; typieal asbestosis bodies seen. At 12 mo., small 

clumps of inactive dust-filled phagocytes; no fibrosis. 
No reaction in lymph nodes. 


Comparison of Long Fiber and Short Fiber Dusts——With quartz 
dust it has been demonstrated that the smaller the particles the more 
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intense is the tissue reaction and that particles larger than 3 microns 
in diameter cause little reaction. In the case of asbestos, however, the 
reverse is true and apparently only long fibers have any specific effect, 
as was suggested by the inhalation experiments. This is confirmed by 
the data of table 16, in which a series of tests with fibrous minerals is 
reported. When the injected dust consisted of fibers 20 to 50 microns 
long, all the fibrous minerals tested except anthophyllite, as noted in 
the preceding section, produced fibrosis; when the material was prepared 
by first grinding the fibrous dust until the length of fibers was reduced 
to 20 microns and less or, in some cases, to 3 microns and less, none 
of the injected dusts caused fibrosis. 

These results differ from those of King, Clegg and Rae,"' who 
reported the production of reticulosis comparable to the experimental 
silicotic nodule in rabbits receiving monthly intratracheal injections of 
100 mg. of Rhodesian asbestos fibers, 15 microns long, and the produc- 
tion of diffuse interstitial fibrosis in rabbits receiving similar injections 
of short fibers, 2.5 microns in length. We believe this dose, especially 
in the long term rabbits, is highly excessive. In our experiments the 
dosage was kept low in order to minimize untoward reactions which 
might obscure the peribronchiolar type of fibrosis which characterizes 
early human asbestosis. 


ExpeRIMENTS UsinG INTRAVENOUS TECHNIC 


The experiments summarized in table 17, in which the intravenous 
method of injection was employed, show that the asbestos minerals are 
far different from quartz in their action on tissue. It has been repeatedly 
demonstrated that intravenous injection of quartz particles 3 microns and 
less in diameter will cause a typical tissue reaction with the development 
of hyalinized fibrotic lesions in extrapulmonary sites, such as the liver 
and the spleen. Asbestos minerals, however, on intravenous injection 
generally produce only an inert type of reaction, as is revealed by 
the results given in the table. The reason for the early deaths in the 
experiment with chrysotile particles is not clear. 


EXPERIMENTS UsING INTRAPERITONEAL TECHNIC 


The results of injection experiments with the intraperitoneal technic 
are given in table 18. It will be noted that the long fiber dusts produced 
a fibrous reaction while dusts composed of particles 3 microns and less 
in size caused only an inert type of response. These experiments indi- 
cate also that the fibrosis initiated by the irritation of asbestos fibers is 
not restricted to the lungs, as was formerly assumed, but can be pro- 
duced in the peritoneum as well. 


OTHER EXPERIMENTS WITH ASBESTOS MINERALS 


A number of additional experiments were conducted to throw more 
light on specific phases of the asbestosis problem. 


11. King, E. J.; Clegg, J. W., and Rae, V. M.: Effect of Asbestos, and of 
Asbestos and Aluminum, on Lungs of Rabbits, Thorax 1:188, 1946; abstracted, 
Indust. Hyg. Digest, 1947, vol. 11 (Feb.), no. 234. 
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VORWALD ET AL—STUDIES OF ASBESTOSIS 


ProrectivE AcTION OF ALUMINUM COMPOUNDS 


When colloidal aluminum hydroxide had been added to a suspension 
of long fiber chrysotile prior to injecting this suspension intratracheally 
into rats, the aluminum compound did not prevent the irritation of tissue 
due to chrysotile. If anything, the acute inflammatory response evoked 
by the injected fibrous mineral was accelerated. One month after the 
last injection of the dust suspension the bronchiolitis was becoming 
fibrous. King and his associates also found that aluminum failed to 
protect pulmonary tissue from the irritation caused by asbestos fibers **; 
in their experiments metallic aluminum was used instead of the 
hydroxide. 


ForMATION OF AsBEsTOsIS BopiEs 


The iron in the coating of the asbestosis body appears to be derived 
from blood or tissue elements and not, as has been suggested, from the 
mineral fiber. After two kinds of chrysotile were injected subcutaneously 
into the groin of a guinea pig—one kind containing 2 per cent and the 
other 0.2 per cent ferric oxide—the asbestosis bodies were equally 
numerous at both sites of injection and showed no difference in their 
reaction to prussian blue, the reagent which stains iron. This finding is 
in agreement with that of Giroux.'? 


TissuE Reaction to Aspestosts Bopies 


Asbestosis bodies recovered from human lung tissue and injected 
intratracheally into guinea pigs failed to produce a fibrous reaction. The 
material for injection was obtained by digesting with sodium hypochlorite 
solution the lung tissue removed at autopsy from an asbestos worker. 
The asbestosis bodies could be seen in the guinea pigs for at least a year 
after injection. This experiment shows that the asbestosis body has a 
rather resistant coating which is not destroyed by moderate hypochlorite 
treatment, which may be maintained in vivo for a year or longer and 
which renders the fiber incapable of producing fibrosis. It thus appears 
that the coating is a protective mechanism. This thought was expressed 
by Beintker as early as 1934."° 


THEORY OF IRRITANT ACTION 


Two hypotheses have been proposed to explain the tissue irritation 
and reaction caused by asbestos fibers: the chemical and the mechanical. 
In the chemical theory, which is based on experience with quartz, it is 
assumed that the asbestos minerals dissolve in the body fluids and that 
in this process their bases are leached away to leave silica in a form 
capable of irritating tissues. According to this hypothesis asbestosis 
is merely an indirect silicosis. Several facts make the chemical theory 
untenable: Intratracheal injection of brucite fibers, which had a silica 


12. Giroux, M.: Amiantose expérimentale: valeur pathognomonique du “corps 
d’amiante,” Laval méd. 8:239, 1943. 


13. Beintker, E.: Uber die Asbestosiskérperchen: Bemerkungen zu der Arbeit 
von Beger, Virchows Arch. f. path. Anat. 293:527, 1934. 


BY > 
. 
i) 
Rye 
} 
i 
& 
a 
a 
° 
hy 
j 
q 


40 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


content of only 0.90 per cent, caused typical fibrosis like that produced 
by the asbestos minerals; free silica particles increase in potency as the 
particle size becomes less, but asbestos fibers shorter than about 10 to 
20 microns are relatively innocuous; aluminum hydroxide neutralizes 
the irritating effect of quartz but not of asbestos; serpentine has the 
same chemical composition as long fiber chrysotile, but it produced only 
an inert type of tissue reaction; there is a wide range in the chemical 
composition of the minerals which do cause asbestosis (table 19). In 
view of this evidence it seems more likely that asbestosis is caused by an 
unusual mechanical irritation due to long asbestos fibers, this irritation 
being related to the peculiar filamented structure of the fiber and the 
associated flexibility, which are possessed by no other foreign body 
studied. Thus, ignition of chrysotile fibers changed their structure and 
made them inert, although the same fibers, before being heated, would 
have produced fibrosis (table 14). Further support for the theory of 
mechanical irritation is that asbestosis occurs in an organ of high mobility 
—the lung—and that a fibrous reaction can be produced by injecting 


TaBLe 19.—Analyses of Fibrous Minerals 


Ignition Loss 
AlzOs Cad K < 105 C. > 105 C. 
%o % % % % 


Fibrous Minerals 
Amosite J 1.00 
Amphibole 5. 1.69 
Anthophyllite......... 9. 0.32 

0.46 
0.34 
1.01 
0.56 


asbestos fibers into the peritoneum, where there is also a degree of 
mobility, but not by injecting them into other extrapulmonary organs 
such as the liver, the spleen and subcutaneous tissue. 


COMPLICATIONS 


The experimental investigations with asbestos minerals were con- 
cerned primarily with the effect of the dust on normal tissue, but some 
attention was given to other phases, such as susceptibility to infection. 
The only experiment in which the effect of asbestos dust on a pulmonary 
infection was studied was the first inhalation experiment, carried on 
with King’s floats dust. It is unfortunate that, owing to the lack of 
adequate facilities at that time, infection studies could not be made in the 
other inhalation experiments also. 


SUSCEPTIBILITY TO TUBERCULOUS INFECTION 


The development of a tuberculous process initiated at the beginning 
of exposure to dust, and also of a tuberculous infection superimposed 
on an established asbestosis, was described in preceding sections of this 
paper. It may be stated that asbestos when classified according to the 
effect of a dust on tuberculous infection would be placed below an active 


5 Si0e _Fe203 FeO Total 
2.01 6.28 0.33 0.20 0.66 528 99.97 
— 0.44 33.37 0.52 0.15 0.27 4.08 99.52 “a 
0.04 53.99 O91 0.16 0.53 26.66 99.79 
0.08 38.95 0.29 0.08 4.30 14.99 99.89 ig 
0.80 12.25 6.92 0.57 0.02 2.56 99.68 
4.44 0.52 678 09 O36 278 9.82 
; 
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dust like quartz but above an inert dust such as iron oxide. In animals 
infected with attenuated tubercle bacilli, quartz causes the infectious 
process to progress until the animal dies of tuberculosis. Inert dusts 
have no effect on the infection, and the lesions usually heal and the 
disease disappears. Asbestos dust is in a different category. In the 
experimental investigation, when the fibrous dust was being inhaled dur- 
ing the evolution of the infection, there was spreading of the tuberculous 
process for a time, but usually the stimulus for continued proliferation of 
the tubercle bacilli was not sustained, the progression was arrested and 
healing followed. In guinea pigs infected with attenuated tubercle 
bacilli after being exposed to asbestos dust for slightly more than two 
years, progressive disease did not develop. The only modification of 
the infection was one of localization, a few bacilli being retained in the 
fibrous terminal bronchioles and forming tubercles there, in addition to 
the usual foci beneath the pleura. Such tubercles healed in a few months. 


SuscepriBiILiry TO NONTUBERCULOUS INFECTION 


There was no specific experiment concerning the effect of inhaled 
asbestos dust on nontuberculous infection. Intercurrent pneumonia was 
rather common among animals exposed to asbestos dust, the frequency 
in guinea pigs exposed in the four inhalation experiments ranging from 
16 to 39 per cent. This incidental evidence suggests the possibility of 
an effect of asbestos dust on nontuberculous infection. Nevertheless, 
since such epidemics are not uncommon in inhalation experiments with 
other dusts and even in the colony of normal animals, it is felt that the 
inhalation of asbestos dust does not exert a significant effect on the 
susceptibility to nontuberculous pulmonary infection. 


COMMENT AND SUMMARY 


Owing to the vast amount of data included in this investigation, it 
seems most convenient to summarize and to state as concisely as possible 
the various observations which emerged from the experiments and to 
follow each with a brief résumé of the evidence. 

A. Various species of animals, including the guinea pig, the rat and the 
rabbit, but not the mouse and the dog, develop peribronchiolar 
fibrosis of the lung similar to human asbestosis after being exposed 
by inhalation or intratracheal injection to long chrysotile asbestos 
fibers. 

Both inhalation and injection experiments provide ample support 
for this statement. Figure 8 4 reveals the cellular fibrosis that occurs 
in guinea pigs following inhalation of long fiber asbestos ; figure 9 shows 
the fibrosis caused in the cat by inhalation of long fiber asbestos dust. 
Similar but less extensive fibrosis occurred also in rats and rabbits 
(table 1). Mice and dogs failed to respond. This variation in response 
of different species to identical dust exposures is still to be accounted for. 
B. Long asbestos fibers are essential in the production of the peribron- 

chiolar fibrosis; short fibers are incapable of producing this reaction. 
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Inhalation experiments with asbestos dust suggest, and intra- 
tracheal injection experiments confirm, that peribronchiolar fibrosis is 
produced by asbestos fibers between 20 and 50 microns in length but not 
by particles shorter than 20 microns (tables 16 and 18). This indicates 
that the minimum length of fiber possessing the capacity to produce the 
typical peribronchiolar fibrosis in animals is somewhere between 20 and 
50 microns. Pointed studies have not been carried out to determine 
the upper limit of effective fiber length. It appears, however, that that 
limit will be determined by the inhalability of the fiber. 

C. The mode of action of the long asbestos fiber in the production of 
asbestosis is primarily mechanical rather than chemical in nature. 
The evidence for this conclusion has been reviewed in a preceding 

section, page 39. The flexible filamented structure of asbestos fibers 

plays an essential part in the irritating action, since the solid, inflexible 

fibers of glass wool do not produce fibrosis (fig. 13 B). 

D. Typical experimental asbestosis was produced by the inhalation of 
an atmospheric suspension containing an average of 138 million 
asbestos particles per cubic foot of air by light field count, of which 
less than 1 per cent consisted of fibers longer than 10 microns. 

In the inhalation experiment with 100 per cent ball-milled asbestos 
dust containing 0.6 per cent of fibers longer than 10 microns (table 11) 
typical fibrosis was obtained (table 9). The evidence presented shows 
at least that an atmospheric concentration of asbestos dust containing 
less than 1 million (0.6 per cent < 138 million) fibers longer than 10 
microns per cubic foot of air is capable of producing experimental 
asbestosis in guinea pigs. The actual lower limit of concentration of 
long fibers necessary to produce asbestosis in animals cannot be estab- 
lished from these studies. 

E. The duration of exposure required to develop the pulmonary reaction 
to inhaled asbestos dust is inversely proportional to the concentration 
of long fibers in the atmosphere; as the concentration is increased, 
the reaction develops in shorter time. 

The basis for this statement appears in the data of the inhalation 
experiment with long fiber asbestos. For that experiment the average 
concentration of the atmospheric dust was about 40 million particles per 
cubic foot of air, and size-frequency determinations disclosed that 6.7 
per cent of the air-suspended material consisted of fibers longer than 
10 microns (table 11). Thus, by calculation, it is estimated that the con- 
centration of the longer fibers was 2.7 million (6.7 per cent & 40 mil- 
lion). The lungs of animals exposed to the long fiber asbestos dust 
revealed that the pulmonary reaction developed in approximately one- 
half the exposure time required for its development in animals inhaling 
the ball-milled product, for which the concentration of the longer fibers 
was only 0.8 million (0.6 per cent X 138 million). 

F. Established experimental asbestosis ceases to progress on discon- 
tinuance of dust exposure. 

The experimental investigation shows, in fact, that on discontinuance 
of exposure there was an appreciable clearing of the mature pulmonary 
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lesions, due to contraction of the fibrous tissue. In contrast, an imma- 

ture tissue response, evidenced primarily by cells with little or no 

fibrosis, continued to progress. It is assumed that, following attainment 
of fibrotic maturity, the same process of contraction would ensue as was 
noted for the mature lesion. 

G. The formation of asbestosis bodies represents a coating of the fibers 
by blood and tissue elements, which results in loss of ability of the 
fiber to produce fibrosis. 

Intratracheal injection of asbestosis bodies failed to produce the 
typical asbestotic tissue reaction in experimental animals. The cessation 
of progressive reaction observed soon after exposure terminates may be 
due to the formation of asbestosis bodies. 

H. Aluminum hydroxide failed to neutralize the fibrosing action of the 
long fiber asbestos. 

Aluminum hydroxide added to the suspension of chrysotile asbestos 
prior to intratracheal injection did not retard or prevent the development 
of asbestosis in rats. 

I. Inhalation of asbestos dust did not alter significantly the final outcome 


of experimental tuberculosis in two series of guinea pigs exposed to 
the dust. 


The apparently mild influence of asbestos dust is in distinct contrast 
to the stimulating effect exerted by inhaled quartz on a tuberculous 
process in the lung. The interpretation must remain tentative, however, 
since it is based on an investigation limited to two series of guinea pigs 


exposed to only one kind of asbestos, namely, King’s floats: Table 4 
shows that when the infection was coincidental with the onset of dust 
exposure, there was temporary progression of the infectious process, 
with subsequent healing ; when infection was initiated after 26 months of 
dust exposure, the course of the tuberculosis was not appreciably altered. 
The latter finding is quite different from our usual experience with quartz 
dust or with mixed dusts containing quartz, wherein the adverse influence 
of quartz on a tuberculous infection is manifested most strikingly when 
infection is initiated after a period of dust exposure, viz., superimposed 
on a background of established silicosis. As indicated above, this more 
sensitive test, when applied to asbestos dust, failed to demonstrate that 
the latter had an adverse influence on a tuberculous infection. The 
inability of asbestos dust in that experiment to affect unfavorably the 
tuberculous process furnishes strong support for the interpretation that 
inhaled asbestos dust has no more than a mildly unfavorable effect on 
pulmonary tuberculosis. 


This investigation was made possible by the generous financial support of a 
group of companies of the asbestos industry. 
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AIR POLLUTION IN PITTSBURGH 


SUMNER B. ELY, S.B. 
PITTSBURGH 


T IS PART of the duty of the Bureau of Smoke Prevention of Pittsburgh 

to determine just what is in the air over the city. Our problem is to obtain 
samples from the air for chemical analysis. After long consideration we fixed 
on a method for continuous recording, and the easiest seemed to be one in which 
the dust was caught in cans placed on the roofs of buildings. 

We are all familiar with the objections to cans—namely, that strong winds 
blow the light dust particles across the top and they are lost. Again, heavy 
winds can blow up dust from the streets, from vacant lots and the like. But such 
factors balance out, and we really feel that collection of the samples from 
the cans—say, once a month—so reduces the work of the chemical laboratory and 
simplifies our routine procedure that the cans are a preferred method. 

We have eight cans placed about the city in key locations. These are of 
uncoated stainless steel, 6 in. (15 cm.) in diameter by 8 in. (20 cm.) high, and 
placed 3 ft. (91 cm.) above the roof on steel standards. Water is placed in the 
cans (alcohol in freezing weather), and each month an analysis is made of the 
soluble solids and of the insoluble ones. The results are combined and reported 
by our chemist as in the table. 

A rough particle size distribution is made on United States Bureau of 
Standards sieves. The sizes run practically uniform for the whole city. Seventy- 
five per cent by weight passes a 100 mesh (149 micron) screen, 15 per cent 
goes through a 325 mesh (44 micron) screen and 10 per cent is smaller than 44 
microns. 

We notice that the analysis from each area in the city is quite constant from 
month to month. A few items show the effect of location. Ferric oxide, 
Fe,O,, is greatest in can 3 which is east of the Jones and Laughlin Steel Cor- 
poration and of the Carnegie-IIlinois Steel mills at Homestead, where the prevail- 
ing winds are responsible for bringing it up to 18.5 per cent. Actually, no. 3 
can is in a popular residence section where good ground is available and many 
good houses have been built. In most cities in this district, however, the western 
area is the popular one because it is supposed to be cleaner. 

The table shows a large item for sulfur, 18.9 per cent in 1948 and 18.5 per cent 
in 1949. These figures amount to about % p.p.m. Most of it comes from the 

From a paper presented at the Annual Meeting of the Smoke Prevention Association of 
America in Montreal, Canada, May 23, 1950. 


Mr. Ely is superintendent of the Bureau of Smoke Prevention, Department of Public Health, 
Pittsburgh, and professor of mechanical engineering at Carnegie Institute of Technology. 
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general combustion of coal. The coal used in Pittsburgh has about 1 to 2 per cent 
sulfur, while other coal-burning cities in this general area show about the same 
sulfur content as Pittsburgh’s. Almost no oil is used in Pittsburgh, and our gas 
has practically no sulfur. 

It is very noticeable that zinc has increased from 7.5 per cent in 1948 to 13.6 
per cent in 1949. It is difficult to say how this happened. No large plant that might 
put zinc into the atmosphere has been built in the last two years. There is no 
zinc smelting in Pittsburgh. There is some zinc casting, but from purchased zinc 
metal only. We still are investigating the sudden increases. 


Percentages of Mineral Matter in Dust in the Pittsburgh District—Yearly Average 


Average of 


Canil Can2 Can3 Can7 Cans 8 Cans 


| 


re East End 
= Residence, Shops—Not Much 
West End 
Large Power Station, Chemi- 
Oakland 
Business, University, Library, 


Lawrenceville 
© Industry 


Light Industry, Nonferrous 
Furnaces, Paints, Chemicals 
Squirrel Hill 


Residence, No Industry 
North Side 


Arlington Heights 
rd Some Light Industry, Resi- 


1 and Enameling Plants 
& Heavy Industry, Bessemer 


Downtown District 
Office Buildings and Business 
Open Hearth, Coking, etc. 
dence, Stores, Schools 
Total of All Districts, 1949 
Total of All Districts, 1948 


ca 


= 


3.4 


Another thing that the table shows is that the percentages of toxic metals, 
such as lead, vanadium and arsenic, are very small and below the point of danger 
to human beings. There are no large industries emitting these in Pittsburgh, only 
a few small ones, which have been corrected, and today the city shows a pretty 
good atmosphere. 

Chart 1 shows the monthly average of the total dustfall in tons per square mile 
within the city limits of Pittsburgh for the years 1938, 1948 and 1949. It will 
be noted that the reduction from 1948 to 1949 was nearly as great as for the 10 
previous years. 

Chart 2 shows the fixed carbon for the same three years. The fixed carbon in 
the dust is an indication of the efficiency of the combustion taking place in the city. 
It will be seen that during the summer months the combustion is better than in 
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winter, as during the heating season the curve rises sharply. In 1938 this fact 
is most pronounced. By 1948 combustion was much improved, and in 1949 it was 
not greatly different in winter and summer. We attribute this result to the fine 
cooperation which the Bureau of Smoke Prevention has received from the citizens 
and the industries of Pittsburgh and also to the constant and careful work of 


TONS PER SQUARE MILE 


d J 
MONTHS 


Chart 1—The monthly average dustfall within the city limits of Pittsburgh in 1938, 1948 
and 1949. The yearly averages are also represented. 


PERCENT FIXED CARBON 


MONTHS 


Chart 2.—The monthly average percentage of fixed carbon is shown for 1938, 1948 and 
1949. The yearly averages are also represented 


the bureau’s inspectors. It is true that other factors have helped, such as the 
increased use of natural gas and the introduction of Diesels but not to such an 
extent as indicated by the combustion curves. 


The reason we do not include the volatile matter to obtain a measure of com- 
bustion efficiency is because our analyses show that only about one fifth of the 
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volatile matter caught as dust will burn. That is the tar; the rest of the volatile 
matter is inorganic. This means that the heat value of the volatile matter has 
increased the total heat value found in the dust only some 5 per cent or less, which 
is small when one is measuring the total of the city, and, as tar burning is a variable 
and inefficient process, we have found the fixed carbon by itself is a better and more 
accurate gage. 

Conclusions reached in this paper indicate that the correction of smoke is a 
small part of the problem of clearing the atmosphere and that the purely mechanical 
phase of smoke prevention is changing into chemical and other fields. 
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TOXICOLOGIC STUDIES OF COMPOUNDS INVESTIGATED FOR USE 
AS INHIBITORS OF BIOLOGIC PROCESSES 


Ill. Toxicity of Propylene Glycol Dipropionate 


ANTHONY M. AMBROSE, Ph.D. 
ALBANY, CALIF. 


HIS REPORT on the toxicity of propylene glycol dipropionate (PGDP) is 
the third of a series which deals with studies on the toxicity of chemical agents 
investigated for the treatment of seeds to inhibit biologic changes during storage. 
Toxicologic studies on propylene glycol dipropionate were undertaken because of 
the varied interest in its use. It has been investigated as an inhibitor of biologic 
processes in seeds,’ as a fungicide in the treatment of superficial fungous infections 
of the skin and its appendages * and as a mold inhibitor for cereal products, leather, 
textile and fungous disease.* 

In view of these possible uses of propylene glycol dipropionate in the processing 
of foods and its use in the treatment of fungous disease in man, the necessity for 
assurance of its safety becomes significantly greater. Therefore, studies were 
undertaken on albino rats in order to determine the possible health hazards involved 
in the prolonged ingestion of food containing measured amounts of the agent. 
Studies were also undertaken to determine the hazards, if any, from inhaled vapors 
and from the chemical as applied locally, to abraded and unabraded skin and to 
mucous membranes. 

MATERIAL AND METHODS 

Propylene glycol dipropionate has the following chemical formula: 

H H 
CHs - C- C- OOC - CH: - CHs 
H 
OOC-CH: CHs 


It is insoluble in water and readily soluble in fat solvents. It has an ethereal odor, resembling 
oil of rose geranium. Its specific gravity is 1.012, and it boils at about 157 C. No information 
is available concerning its vapor pressure. 

The experimental procedures used in these studies were essentially the same as those 
described in detail in the first paper of this series.4 


From the Pharmacology Laboratory, Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, United States Department of Agriculture. 

1. Condon, M. Z.; Andrews, F. R.; Lambou, M. G., and Altschul, A. M.: Inhibition 
of Heating and Lipolysis in Seeds, Science 105:525, 1947. 

2. Bereston, E. S.: Propylene Glycol Dipropionate (A New Fungicide): Preliminary 
Report, J. Invest. Dermatol. 8:227, 1947. 

3. Arenson, S. W.: Mold Inhibitors: for Cereal Products, Leather, Textiles and Fungus 
Diseases, U. S. Patent 2,446,505, Aug. 3, 1948, Chem. Abstr. 42:7926f, 1948. 

4. Ambrose, A. M.: Toxicological Studies of Compounds Proposed for Use as Inhibitors 
of Biological Processes: I. Toxicity of Vinyl Propionate, Arch. Indust. Hyg. & Occup. Med. 2: 
582, 1950. 
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RESULTS 

By Inhalation—Propylene glycol dipropionate (PGDP) was tested with rats 
by inhalation as previously described. Rats were exposed intermittently for 23 
hours to air passing through the undiluted PGDP, warmed to 45 C., at a rate of 
570 ml./min., without any toxic effects. Rats exposed continuously for five hours 
to air passing through PGDP, warmed to 45 C., were also unaffected. 

By Local Application—Rats exposed to 10 one-hour treatments of undiluted 
propylene glycol dipropionate applied to the intact and to the abraded skin showed 
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DAYS ON DIET 
The growth of rats receiving PGDP compared with that of control rats. 


no local or systemic effects. One-tenth milliliter of PGDP intradermally injected 
in one flank of a rat produced no greater reaction than an equivalent amount of ethyl 
alcohol in the other flank. Forty-eight hours after the intradermal injection of 
either PGDP or ethyl alcohol, a small eschar formed at the site of injection. 

In rabbits 10 one-hour applications did not cause any local irritation or produce 
any systemic reactions. In the case of two rabbits, prepared as described previously, 
rubber sleeves were fitted around the trunk, and PGDP was introduced under the 
sleeves. One rabbit received 4 ml./Kg., and the second rabbit received 8 ml./Kg. 
The rabbits were immobilized, and the material was allowed to remain in contact 
with the skin for 24 hours. On removal of the sleeves no material was left; all 
apparently had been absorbed. The skin of the two rabbits did not appear irritated. 
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The rabbits were observed daily for any skin and systemic reactions for 15 days. 
Throughout the observation period no local or systemic reactions were seen. 

Effect on Mucous Membrane.—The effect of propylene glycol dipropionate on 
mucous membranes was studied in rabbits as previously described. One-tenth 
milliliter of the undiluted PGDP was instilled into the conjunctival sac of each of 
three rabbits, and approximately 0.2 ml. was placed on the penile mucosa. 

On the eye as a whole (cornea, conjunctival mucosa and iris) the amount of 
irritation was so slight as to be doubtful. On the penile mucosa no irritation was 
apparent. 

Chronic Toxicity—Studies on prolonged oral ingestion of propylene glycol 
dipropionate were conducted on young albino male rats weighing 44 to 50 Gm. each 


at the start of the feeding experiments. The basic diet used was the same as that 
previously described.‘ 


Mean Body Weights and Food Consumption of Male Rats on Diets Containing 
Propylene Glycol Dipropionate for Approximately 232 Days 


Rats Average Weight, Gm. Food Con- 
Dosage, A sumption, 
% Start End Start End Increase t Gm./Rat/Day 

Control 4 45.3 338.0 292.7 nee 15.0 
0.04 48.4 $22.4 274.0 1,32 1438 
0.08 474 312.2 264.9 i 1.78 13.5 
0.16 45.0 295.2 250.2 : 2.77 13.5 
0.32 45.0 314.2 269.2 1.56 13.9 
0.64 44.4 275.4 251.0 2.37 14.2 
1.28 47.0 286.8 239.8 A 3.28 13.5 
2.56 48.6 293.6 245.0 2.85 13.3 


oo 


e = Standard error of the mean 2d? 
n(n — 1) 
t— _Mi—Ms 
—--—_ where M:; is the mean of the control set of observations and Mz the mean of 


| (en? + (en? any other set. e: and e2 are the standard errors of Mi and Ms, respectively. 
Values of 3 or greater are considered significant. 


Eight groups of five rats each were used as follows. One group, which served 
as the control, was placed on the basic diet alone, with no added supplements of 
PGDP, and the remaining seven groups were placed on the same basic diet in 
which PGDP was incorporated at the following percentage concentrations: 0.04, 
0.08, 0.16, 0.32, 0.64, 1.28 and 2.56. All rats with the exception of those on 1.28 
per cent PGDP were fed their respective diets for at least 232 days. Rats on 
1.28 per cent PGDP were fed the diet for 401 days. Free access to their respective 
diets and water was permitted at all times. At weekly intervals all rats in each 
group were weighed and total food consumption for each group of rats on the 
various diets was determined. 

In the chart the growth of control rats is compared with that of rats receiving 
PGDP. In the table the mean body weight of rats at the start and at the end of 
the feeding experiment are given, together with the mean increase in weight for 
rats in each group and statistical treatment of the data. In the last column of the 
table the mean food consumption per rat is also shown. This was determined at the 
end of the experiment by dividing the total food consumption for each group of 
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rats by the total number of rat days. Rats kept on diets containing 0.04, 0.08 
and 0.32 per cent PGDP grew as well as the control rats. Rats on the diet con- 
taining 0.16 per cent PGDP did not grow as well as the control rats, or as rats 
on 0.32 per cent PGDP. The difference in growth between rats on 0.16 per cent 
PGDP and rats on the control diet and those on 0.32 per cent PGDP cannot be 
adequately explained. With higher concentrations (0.64, 1.28 and 2.56 per cent 
PGDP) in the diet, there was evidence of slight inhibition of growth, although 
the inhibition was not proportional to the concentration of PGDP in the diet. 
Histological study of numerous tissues (heart, lung, liver, spleen, kidney, adrenal, 
pancreas, stomach, intestines, urinary bladder, testes and thyroid) of rats fed 
the various PGDP diets showed no alterations that could be related to PGDP 
in the diet. 
SUMMARY AND CONCLUSIONS 


Studies of rats inhaling air laden with propylene glycol dipropionate (PGDP) 
have shown that the material is nontoxic by inhalation. Experiments on rats and 
rabbits to determine the effect of PGDP on skin and mucous membranes did not 
indicate a serious problem from irritation of these tissues. 

Male rats maintained for approximately 232 days on diets containing 0.04 per 
cent through 0.32 per cent of PGDP exhibited no appreciable ill effects as deter- 
mined by gross observations, growth, food consumption and_histopathological 
examination of organs. With higher concentrations (0.64, 1.28 and 2.56 per cent) 
in the diet, growth was significantly different from that of the controls, but the 
decrease in growth was not proportional to the PGDP in the diet. On histopatho- 
logical examination, organs from these rats were no different from those of control 
rats and rats on the other dietary intakes of PGDP. 

As a result of these observations in experimental animals and the results of 
Bereston in the treatment of fungous infections in patients,’ it is concluded that 
no significant health hazards are involved in the handling or the ingestion of 
propylene glycol dipropionate within reasonable limits. 


The propylene glycol dipropionate used in these studies was supplied by Dr. A. M. Altschul, 
of the Southern Regional Research Laboratory of New Orleans, The pathological studies were 
made by Dr. Lelland J. Rather, of the department of pathology, Stanford University School of 
Medicine. Technical assistance was given by Mr. Paul V. Marsh and Mr. E. K. Doxtader of 
this laboratory. 
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TOXICOLOGIC STUDIES OF COMPOUNDS INVESTIGATED FOR USE 
AS INHIBITORS OF BIOLOGIC PROCESSES 


IV. Toxicity of 1,3-Dimethyl-4,6-Bis(Chloromethyl) Benzene 
ANTHONY M. AMBROSE, Ph.D. 
ALBANY, CALIF. 


REPORT on the toxicity of 1,3-dimethyl-4,6-bis (chloromethyl) benzene 
is the fourth of a series on studies of toxicity of chemical agents used in the 
treatment of seeds to inhibit biologic changes. 
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Average weight curves of rats receiving 0.16 and 0.32 per cent 1,3-dimethyl-4, 6-bis 
(chloromethyl) benzene in their diet and control rats fed the basic diet alone. 


The suggestion that this agent might be used to inhibit biologic processes in 
seeds has created the need for information concerning its toxicity by various routes 
of administration in experimental animals. 

1,3-Dimethyl-4,6-bis (chloromethyl) benzene has the following chemical proper- 
ties: It is a white crystalline material, insoluble in cold water, which liquefies in 
warm water ; it is soluble in most fat solvents. In propylene glycol, with the aid of 
heat, it is soluble to the extent of 2.5 Gm./100 ml. 


EXPERIMENTAL PROCEDURES 


The experimental procedures used in these studies were the same as those previously 
described,! with the following modification. In the inhalation tests rats were exposed to a 


From the Pharmacology Laboratory, Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, United States Department of Agriculture. 
1. Ambrose, A. M.: Toxicological Studies of Compounds Proposed for Use as Inhibitors 


of Biologic Processes: I. Toxicity of Vinyl Propionate, Arch. Indust. Hyg. & Occup Med. 2: 
582, 1950. 
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5 per cent dust of the benzene compound. For local application and for studies of effect on 
mucous membranes, the compound was used as a 2.5 per cent solution in propylene glycol. The 
effect of continued oral administration of the compound was determined in albino rats by the 
drug-diet method. 


RESULTS 


By (chloromethyl) benzene (DCB), because 
of its physical nature, could not be tested as conveniently as substances in solution. 
It was ground in a mortar to an impalpable powder, and suitable dilutions were 
made with tale U.S.P. A weighed amount was placed in a wide mouth bottle 
fitted with a two hole stopper. One opening was fitted with suitable glass tubing 
extending to the bottom of the bottle, and the other opening was fitted with a 
shorter piece of glass tubing extending just below the opening in the stopper. A 
blast of air was blown through the long tube, creating a cloud of dust, which was 
delivered through the short tube to the gassing chamber containing the rats. A 
cloud of DCB was maintained in the gassing chamber either by blowing more 
DCB from the reservoir or by keeping the DCB in the chamber ompeniee by 
blowing a blast of air directly into the chamber. 

Five rats were placed in the gassing chamber previously described * and exposed 
for one hour to a dust of DCB (2 Gm. D CB diluted to 40 Gm. with tale U.S. P.). 
As controls, five rats were exposed to tale dust under conditions comparable to 
those under which rats were exposed to DCB dust. 

In the rats exposed to the DCB dust no serious reactions were observed other 
than possible irritation of the nasal mucosa, as manifested by wiping of the face. 
This was not observed to any great extent in rats exposed to tale alone for one 
hour. Twenty-four hours later both groups of rats appeared normal. Both groups 
were observed daily for 15 days; at no time were any signs of intoxication 
manifested. 

Effect by Local Application—Studies on the effect of DCB locally applied 
to intact or abraded skin and intradermally injected were made in rats with a 2.5 
per cent solution of DCB in propylene glycol. 

After 12.5 to 62.5 mg. of DCB was applied to unabraded skin, no local or 
systemic reactions were observed, either immediately after removal of the patch 
or during the next 14 days of observation. 

Ten milligrams of DCB applied to abraded skin produced a slight eschar over 
the abraded area, which cleared up about five days after application. 

In rats an intradermal injection of 0.1 cc. of 2.5 per cent DCB in propylene 
glycol caused slight necrosis ; however, the necrosis produced was no greater than 
that produced by an equivalent amount of propylene glycol alone. Spontaneous 
healing subsequent to treatment with D C B in propylene glycol and with propylene 
glycol alone was about the same. Therefore, the necrosis following intradermal 
injection was undoubtedly the result of irritation due to propylene glycol rather 
than to DCB. 

Effect on Mucous Membrane.—The irritating effect of DCB on mucous 
membranes was studied in rabbits as previously described.t One-tenth milliliter 
of a 2.5 per cent solution of DCB in propylene glycol was instilled into the 
conjunctival sac in three rabbits; the contralateral eye was used as a control for 
possible irritant effects of propylene glycol alone. In three rabbits 0.2 ml. of 2.5 
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per cent DCB in propylene glycol was applied to the penile mucosa. The rabbits 
were observed hourly during the first day and every 24 hours thereafter for 14 
days. Throughout the entire course no visible sign of irritation was observed in 
either the eye or on the penile mucosa. 

Chronic Toxicity—The effects of prolonged oral ingestion of DCB were 
determined in a!bino weanling rats by the drug-diet method previously described." 
Female rats weighing 48 to 55 Gm. each at the start of the feeding experiment 
were used. Rats in groups of five each were fed the basic diet previously described, 
with D CB added in the following percentage concentrations: 0.01, 0.02, 0.04, 0.08, 
0.16, 0.32, 0.64 and 1.28. One group of five rats as a control was fed the basic 
diet alone, containing no DCB. Food and water were allowed ad libitum. At 
weekly intervals all rats were weighed, and the food consumed by each group of 
rats was recorded. All rats except those on a higher dosage level were fed their 
respective diets for approximately 215 days. The group of rats given 0.16 per 


Mean Body Weights and Food Consumption of Male Rats on Diets Containing 1,3- 
Dimethyl-4,6-bis(Chloromethyl) Benzene (DCB) for Approximately 215 Days 


Rats Average Weight, Gm. Fo 


Dosage, % Start End Start Increase Gm./Rat/Day 
Control 52.2 215. 163.6 111 
0.01 49.0 165.6 110 
0.02 48.2 169.2 11.4 
0.04 47.4 181.8 11,2 
0.08 48.8 170.0 
0.16 49.6 168.8 11.3 
0.32 54.8 155.0 10.4 


e = Standard error of the mean my 
n(n — 1) 


t= Mi— Ms 


where Mi is the mean of the control set of observations and Mz the mean of any 
2 2 Other set. e1 and e2 are the standard errors of Mi and M2 respectively. Values of 
(ex)? + (2)? 3 or greater are considered significant. 
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cent DCB in their diet was continued for 409 days. At the end of the feeding 
period all surviving rats were killed and examined for any gross changes; sections 
of organs were removed, fixed in solution of formaldehyde U.S. P. diluted 1:10 
and saved for histopathological examination. 
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During the course of the feeding experiment symptoms of toxicity were not 
observed in any rats except those on 0.64 and 1.28 per cent DCB. In these two 
groups of rats the only symptoms observed were those due to inanition. In the 
group receiving 0.64 per cent DCB in the diet all rats had died within 27 days. 
The food consumption of these rats was about 2 Gm./rat/day. In the group fed 
1.28 per cent DCB in the diet all had died within 13 days. The food consumption 
of these rats was about the same as that of the previous group. 

The chart shows growth curves for rats fed the basic diet plus 0.16 and 0.32 
per cent DCB and for rats on the basic diet alone. Since growth curves for rats 
fed diets containing smaller amounts of DCB were similar to those given, they 
are not included in the figure. In the table data are given on the mean weight of 
rats on each dietary intake of DCB at the start of the feeding experiments and 
after approximately 215 days, when weekly food consumption and weight of rats 
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were no longer observed. In the table data are also given on the average food 
intake per rat per day, based on the total food consumed per group over the 215 
day period. 

From the chart and the table it can readily be seen that DC B in concentrations 
up to and including 0.32 per cent of the diet had no significant influence on the 
growth of the test rats as compared with the control rats on the basic diet alone. 

Histopathological examinations were made of various tissues (heart, lung, liver, 
kidney, spleen, adrenal, pancreas, bladder, thyroid, stomacli, small intestines and 
uterus) of all rats. Since the results were not particularly significant, the more 
pertinent results of the pathologist are herewith included: “Little anatomic change 
of significance was found in any tissues. Even those animals given the largest dose 
(0.32 per cent) in the diet showed no change which could be related to the ingestion 
of DCB. In view of the excessive fat observed in the treated animals grossly, 
the histological appearance of the fatty tissue adjacent to the hearts and the kidneys 
was examined with particular care, but no recognizable difference from controls 
could be seen. In four of the five rats which received 0.16 per cent DCB for 
409 days there was mild but distinctly increased deposition of brown pigment in 
the tubular epithelial cells‘of the kidneys like that seen in association with blood 
destruction. One liver showed fairly prominent deposits of similar pigment in the 
Kupffer cells. However, the control rats were not maintained to such an advanced 
age as were the rats on 0.16 per cent DCB; so there may be some doubt as to 
whether the pigment is the result of the treatment.” 


SUMMARY AND CONCLUSIONS 


The toxic effects of 1,3-dimethyl-4,6-bis(chloromethyl)benzene (DCB) have 
been determined in rats after inhalation of the agent, after local application to skin 
and mucous membranes and after oral administration by the drug-diet method. 

1. Rats inhaling a talc dust containing 5 per cent of DCB for one hour showed 
no serious reactions other than those observed in rats exposed to tale dust alone 
for one hour. 


2. A 2.5 per cent solution of DCB in propylene glycol applied locally to either 
abraded or unabraded skin of rats produced only a slight local reaction over the 
abraded area. 

3. One-tenth milliliter of a 2.5 per cent solution of D C B in propylene glycol 
injected intradermally into rats produced necrosis; however, the necrosis was no 
greater or severer than that produced by an equivalent amount of propylene 
glycol alone. 

4. One-tenth milliliter of a 2.5 per cent solution of DCB in propylene glycol 
placed in the conjunctival sac and on the penile mucosa of rabbits produced no 
visible signs of irritation immediately after application or at any time during the 
next 14 days. 

5. Toxic effects of ingested D C B occurred with diets containing 0.64 per cent 
or more. No significant toxic effects, as determined by growth and histopathological 
examination of organs, occurred in rats fed diets containing 0.32 per cent of DCB 
or less. 
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6. Microscopic examination of all organs of rats fed diets containing 0.01 
through 0.32 per cent of DCB showed no major visceral damage that could be 
ascribed to DCB in the diet. 

It is therefore concluded, on the basis of the experimental results reported 
herein, that 1,3-dimethyl-4,6-bis(chloromethyl)benzene has a low order of toxicity 
and that exposure by inhalation, by skin contact or by ingestion of food contami- 
nated with the agent presents no serious health hazards. However, this does not 
preclude the possibilities of health hazards arising from exposure prolonged beyond 
those reported or under dissimilar conditions. 


The 1,3-dimethyl-4,6-bis(chloromethyl)bezene used in these studies was supplied by Dr. 
A. M. Altschul, of the Southern Regional Research Laboratory, New Orleans. The pathological 
studies reported herein were made by Dr. Alvin J. Cox Jr., of the department of pathology 
of Stanford University School of Medicine, San Francisco. Technical assistance was given 
by Mr. E. K. Doxtader and Mr. Paul V. Marsh of this laboratory. 
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INVESTIGATION OF OCCUPATIONAL DERMATOSES IN THE 
CITRUS FRUIT CANNING INDUSTRY 


DONALD J. BIRMINGHAM, M.D. 
PAUL C. CAMPBELL Jr., M.D. 


HENRY N. DOYLE, B.S. 
WASHINGTON, D.C. 
AND 


J. M. McDONALD, M.D. 
JACKSONVILLE, FLA. 


URING January 1947 the Division of Industrial Hygiene, United States 

Public Health Service, in cooperation with the Division of Industrial Hygiene 
of the Florida State Board of Health, conducted a survey of the Florida citrus 
fruit-canning industry to determine the incidence, the causes and the means of 
preventing occupational skin disease among the workers in that industry. 


Of the 54 plants engaged in citrus fruit canning in Florida, 11 typical plants 
cooperated in the study. These plants represented an adequate cross section of 
the industry’s activities, since all canning operations related to the processing 
of grapefruit, oranges and tangerines were observed. The group of 11 plants 
included two fresh fruit-packing houses. 

Approximately 3,000 people were employed in the 11 plants, and of this number 
2,500 were exposed to contact with citrus fruit juices and oils. A few more than 
one half of those exposed were examined for occupational skin disease. 

The canning operations were subjected to particular study, because they 
continue to be the main source of cases of occupational skin disease in the citrus 
industry. Very little, if any, dermatitis occurs among those employed in the 
packing of fresh fruit. 

It may also be noted that dermatitis is known to occur among those workers 
who fertilize the citrus groves, those who spray the trees with insecticides and 
those who pick the fruit. Such observations were published in 1938 by Schwartz,’ 
of the United States Public Health Service. Other published reports on this subject 


Dr. Campbell, Dr. Birmingham and Mr. Henry N. Doyle are senior surgeon, surgeon and 
senior sanitary engineer in the Division of Industrial Hygiene, United States Public Health 
Service, Federal Security Agency, Washington, D. C. Dr. J. M. McDonald is associated with 
the Florida State Board of Health. 

1. Schwartz, L.: Cutaneous Hazards in the Citrus Fruit Industry: Brief History of 
Citrus Fruit in Florida and in California, Arch. Dermat. & Syph. 37:631 (April) 1938. 
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are discussed by Beerman and his co-workers* in their comprehensive review, 
which also appeared in 1938. 

The observations and conclusions of the present study support, in the main, 
those published by Schwartz ; however, a current analysis should serve to emphasize 
what has been accomplished toward eliminating the troublesome and unnecessary 
problems of occupational dermatitis among these workers. The main advances in 
prevention of occupational dermatitis during the past 10 years in the citrus fruit 
industry have occurred because of the introduction of mechanical methods, which 
have resulted in greater production and at the same time have lessened the workers’ 
contact with the citrus fruit juices and oils. 


Unfortunately, only two of the plants visited made a practice of keeping detailed 
records of the number of cases of dermatitis occurring among their employees. 
The records of one of these plants showed that during three months, October, 
November and December of 1946, 18 of the 66 employees lost time, estimated at 
2,798 man-hours, because of occupational dermatitis. These figures represent a 
loss of approximately $75 per person. The other plant medical records showed 
that 80 cases of dermatitis had occurred among the peelers, and seven cases among 
the sectionizers from October through December of 1946. In none of the latter 
did there result compensable lost time. 

All of the plants had first aid medical facilities. Two of the plants had medical 
departments supervised by graduate nurses. None of the plants visited employed 
a full time physician, but all referred the cases of industrial injury or illness to 
outside physicians. Few cases of skin disease, however, were referred to derma- 
tologists. 

CANNING OPERATIONS 


Citrus fruits were being canned in two forms, as juice or as sections. Fruit 
to be canned as grapefruit or orange sections was graded by hand and then placed 
in a hot water bath to remove the soil and insecticides. The hot fruit was next 
peeled by hand, collected in trays and placed in a 2 to 3 per cent alkali bath. The 
alkali treatment was used to soften the membrane which remained on the fruit 
after the peel had been removed. Following the alkali bath, the peeled fruit was 
sprayed with water to remove the excess alkali and then conveyed to the sectionizing 
tables, where the grapefruit or the orange sections were removed by hand with 
the aid of a double-edged knife. 

Juicing operations were mechanical and allowed minimal contact of skin with 
the citrus juices and oils. The fruit was graded, washed and carried by conveyor 
to the machines which cut the fruit, removed the juice and separated it from pulp 
and seeds. The juice was then pasteurized and placed in metal containers. 

One plant had initiated a process known as “de-celling,” which differed from 
the operations producing fruit sections in that it removed the individual fruit cells 
from the fruit compartments. The combination of cells plus juice is then processed 
and canned. Operations incident to this process were noted in detail. Adequate 
operational conditions were noted with regard to grading, washing, dyeing, waxing 
and boxing the fresh fruit in all the packing houses. 


2. Beerman, H.; Fonde, G. H., and Callaway, J. L.: Citrus Fruit Dermatoses, Arch. Dermat. 
& Syph. 38:225 (Aug.) 1938. 
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RESULTS OF EXAMINATIONS 


During the course of this investigation, about 1,200 employees were examined 
for occupational skin disorders. Most frequently seen were defatting of the skin, 
finger nail deformities and contact dermatitis among those peeling and sectionizing 
the fresh fruit. 


In some plants investigated, as many as 50 per cent of the peelers showed 
finger nail deformities, notably erosion (onychia), due to the constant trauma 
associated with peeling the fruit. Peel oil, which is mostly d-limonene,’ contributes 
to nail deformities, because of its irritant qualities. Some of the peelers were 
affected with blisters and burns of the palms consequent to handling the hot fruit. 
Practically all those engaged in peeling the fruit showed marked callosities of the 
palms from handling the utility knife used in the peeling process. 

Fully 25 per cent of the sectionizers were affected with one or more types of 
skin involvement related to their occupation. Many of these workers showed 
finger nail changes which occurred as the result of infection around one or more 
nails due to prolonged contact with moist fruit. This type of infection (paronychia) 
can be seen among many groups of cannery or kitchen employees who are exposed 
to moisture, sugars and syrups over long periods of time. 

Some of the female employees engaged in sectionizing were affected with lesions 
involving one or more of the finger webs. This, too, is a rather common infection 
among cannery employees. This disease, erosio interdigitalis blastomycetica, is 
generally believed to be commonly due to infection with a yeastlike fungus known 
as Candida albicans. 

Several of the sectionizers had scaly dermatitis and callosities on the palm of 
the hand employed for cutting, and all but the most skilled sectionizers were subject 
to frequent knife blade lacerations. 

A few workers engaged in the quality grading of fruit were affected with minor 
irritations, such as abrasions and callosities of the finger tips, because of handling 
the fruit without using gloves. 

In the packing houses no cases of dermatitis were observed among those 
employees who operated the wash, dye and wax tanks or those who boxed the fruit. 
Similarly, operators of juicing machines showed little or no dermatitis, because in 
this operation mechanical juicing machines minimize contact with the citrus juices 
and oils. 

PATCH TESTS 

To determine which cases were due to allergy, patch tests were perfomed on 
workers in whom dermatitis had developed from contact with citrus juices and 
pulp. Since only one of the plants visited was processing peeled oranges, most 
of the patch tests were made with grapefruit pulp and juice. 

The test results are given in table 1 and may be summarized as follows: 

1. None reacted to grapefruit pulp which had not been processed in alkali. 

2. None reacted to orange juice. 


3. Horner, S. G.: Dermatitis from Oranges and Lemons, Lancet 2:961 (Oct. 31) 1931. 
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3. None reacted to grapefruit juice. 
4. One out of 10 tested reacted to alkali-processed grapefruit pulp. 
5. One of three tested reacted to alkali-processed orange pulp. 


In addition, five volunteers not employed in the citrus industry were given 
patch tests with orange and grapefruit peel, with the result shown in table*2. 


It is essential, when one is testing with the unbroken peel, that the recommended procedure 
of Schwartz! be followed. The section of peel can be removed from the fruit by the use of a 
cork borer which, if carefully used, will not break the oil cells of the peel surface to be used 
for patch testing. This still allows a certain amount of oil to seep from the cut edges of the peel; 
therefore, it must be remembered that when the peel is applied to the skin, the cut edges must 
be kept free of the skin by a piece of cellophane, the center of which contains a small aperture 
which permits contact between unbroken peel and the subject’s skin. If the peel is properly held 
in place, one can be relatively certain that one is not testing with peel oil from the edge of the 
circular section of peel. 


TABLE 1.—Results of Patch Tests of Employees 


Number Number 
Material Tested Reacting 
Grapefruit pulp before alkaline treatment 10 0 

Grapefruit pulp after alkaline treatment 10 
Orange pulp before alkaline treatment 6 
Orange pulp after alkaline treatment 3 
Grapefruit juice 9 
6 


Tapie 2.—Results of Patch Tests of Volunteers Not Employed in the Citrus Industry 


Material Results 
Grapefruit peel unbroken All negative 
Grapefruit peel broken All positive (all reacted within 1 br.) 
Orange peel unbroken All negative 
Orange peel broken All positive (all reacted within 1 hr.) 


The results obtained from these tests are in agreement with those obtained by 
Schwartz. They add further evidence to support the idea that most dermatitis 
seen among the citrus cannery workers is not caused by specific sensitivity or true 
allergy to the citrus juices and oils. The primary irritant effect of citrus peel oil 
and the part that moisture and fruit components (such as carbohydrates and acids) 


play in terms of sustained dehydrating effect are the chief causes of dermatitis 
among citrus fruit handlers. 


Since tests with indicator paper showed that in some plants the alkali was not 
thoroughly washed off the peeled fruit before it was handled by the sectionizers, 


there was a possibility that the 2 to 3 per cent alkali bath given to the fruit might 
cause dermatitis. 


It was determined, however, that while alkali can be carried over from the 
alkali bath to the sectionizers’ table if the fruit has not been properly peeled, and 
the alkalinity of the bath may have a py of 10 and above, an extremely small amount 


of alkali actually is carried over after the water spray. Since the sectionizers’ 
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hands are constantly moistened with grapefruit juice containing large quantities 
of citric acid, this amount of alkali would be rapidly neutralized. It was believed 
unlikely, therefore, that the alkali was causing skin irritation. Determinations of 
the pu of the hands of the sectionizers, made while the workers were actually 
engaged in the operation of sectionizing, showed that it was about 3.5. 

The peel oil which peelers, graders and “de-cellers” contact is a primary skin 
irritant. In sufficient concentration for a period of time it will produce a marked 
reaction on the skin of a normal person. The hot peel was found not to yield 
oil as readily as does the cold peel. Thus, heating the fruit before peeling assists 
in causing retention of the oil within the peel. Although the peel oils of orange, 
grapefruit and tangerine are chemically similar, the essential differences which 
occur exist in the aldehyde fraction; this imparts the characteristic odor to the 
different fruits. It is to be noted that d-limonene, the principal component of peel 
oil, is closely related to the hydrocarbon terpene, the irritant factor of turpentine. 
This relationship has been pointed out by Horner.* 


PATCH TESTS WITH DYE 


During February 1950, many of the plants that had been studied in 1947 were 
revisited. It was found that the problem of dermatitis is still greatest among the 
canners of citrus fruits; however, the program of prevention that had been offered 
to the industry in 1947 had decreased the incidence considerably. The main object 
of this follow-up study was to perform patch tests with the dyes used to color 
the oranges. The dye commonly used is F., D. and C. red 32* (not sudan 3), 
and it is used in concentrations varying from 1:50 to 1: 100, depending on the 
fruit to be dyed. Dye was taken directly from the dye bath for patch test purposes. 
In addition, the control patch test consisted of a 1:50 aqueous solution of the dye. 
The aqueous solution was used because the various packing companies add different 
amounts of alkali to the dye bath, dependent on the nature of the water supply. 
Therefore, the control patch was standard throughout the study, and the other 
varied in alkalinity, depending on the plant studied. Twenty-four persons of four 
different plants were given patch tests, and the tests were read at the end of 24 and 
48 hours, and in many instances, again in 72 hours. There were no positive 
reactors among the volunteers. Patch tests were not performed with the concen- 
trated dye solution, since it was known that the soap base in this concentration 
would cause positive reactions by virtue of its high content of alkali. Schwartz '* 
made patch tests with the dyes used in 1938, and there were no reactions. Our 
results, as well as those of Schwartz, show that the dyes used are not primary skin 
irritants, nor are they appreciable skin sensitizers. 


PREVENTION 
Dermatitis has been such a common occurrence in this as well as other canning 
industries that it has been looked on as an almost inevitable accompaniment of the 
trade. However, with the advent of recent workmen’s compensation laws, which 


4. F., D. and C. is an abbreviation of Food, Drug and Cosmetic. It prefixes the terms used 
to signify dyes certified by the Food and Drug Administration, Federal Security Agency. 
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recognize industrial skin diseases as compensable occupational illness, a sound 
program of prevention will be found beneficial to both employers and employees. 
Following is a list of recommendations leading toward such a preventive program 
in the citrus canning industry. 


RECOM MENDATIONS 


1. Provide, and advocate use of, cotton-lined rubber gloves and impervious 
sleeves to be worn by workers engaged in peeling and sectionizing the fruit. The 
sleeves should be of such design as to fit well above the elbow and still allow ready 
movement of the arm; they should fit rather snugly over the glove cuff to prevent 
oils and juices from entering by way of the cuff. This type of prevention will 
serve a dual purpose of protecting the worker and assuring the canner that the 
product is being prepared under the most hygienic conditions. 

2. Provide washable leather or strong fabric gloves for those employed in 
grading the fruit by hand. 


3. Continue the use of the impervious aprons now found in most plants. 

4. Provide more adequate washing facilities for the peelers and sectionizers. 
Eliminate the use of harsh industrial soaps and substitute a suitable mild hand 
cleaner, such as a mild toilet soap or one of the sulfonated oil detergents. 

5. Provide bland refatting agents of the lanolin cold cream type to be used freely 
after work by those employees engaged in the peeling and sectionizing of the fruit. 
Such ointments should greatly assist in diminishing the drying effects of the citrus 
juices and oils ; however, the ointments must not be used as a substitute for gloves. 

6. Employees with a history of recurrent or present chronic skin disease should 
not be placed at peeling or sectionizing duties. 

7. Better first aid facilities should be instituted in the canning plants, and where 
possible a nurse should be placed in charge. Her frequent inspection of the hands 
of the workers will be a valuable measure toward the prevention of occupational 
skin disease. 

8. Medical records should be kept in such a manner that the company will have 
firsthand information on the incidence of skin disease. The present records of most 
of the canneries furnish little or no information as to when a claimant incurred 
occupational dermatitis. 

9. Mechanical, enclosed methods of canning should be employed whenever 
possible. This is the best method of preventing occupational dermatitis in this 
group of workers. 

SUMMARY 

A study of the incidence, the causes and the prevention of occupational skin 
diseases affecting citrus fruit cannery workers was conducted in 11 typical plants 
in the state of Florida; about 1,200 employees were examined for occupational 
skin disease. 

Various forms of occupational skin disorders were observed in workers in 
every plant visited. They consisted mainly of contact dermatitis, onychia, 


paronychia, burns and callosities of the palms, erosio interdigitalis blastomycetica 
and knife blade lacerations. 
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Patch tests were made with grapefruit and orange pulp and juice on volunteers 
who were affected with dermatitis. The results coincide with those reported on 
previous studies, namely, that in the majority of cases “citrus dermatitis” does not 
occur on the basis of specific sensitization. The workers did not react to the pulp 
and juices of fresh grapefruit and orange. However, one employee reacted to 
alkali-treated grapefruit pulp, and another to alkali-treated orange pulp. These 
two positive reactions may mean that insufficient washing of the fruit after the 
alkali bath permits residuum of alkali which irritates the skin of some workers 
who are highly sensitive to alkali. 

Patch tests made with broken peel of grapefruit and orange on five volunteers 
verified that all persons show marked skin reaction to citrus peel oil, which is a 
primary irritant. 

Patch tests in which the dye was applied were negative. 

Operators of juicing machines showed little or no dermatitis, because the 
mechanical juicing machines minimize the contact with the citrus juices and oils. 

Recommendations for preventing occupational dermatitis among cannery 
workers are listed. 


265 Newman Street. 


The Florida Citrus Canners’ Association, especially Mr. C. C. Rathbun, secretary of that 
organization, and the canning companies cooperated generously in this study. 
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A STUDY OF WORKERS EXPOSED TO THE INSECTICIDES 
_CHLORDAN, ALDRIN, DIELDRIN 


FRANK PRINCI, M.D. 


CINCINNATI 
AND 


GEORGE H. SPURBECK, M.D.* 
PIERRE, S. D. 


S's CE 1946 a number of new insecticides have been developed and 
introduced in the United States. Three of these substances, 
chlordan, aldrin and dieldrin, are chlorinated hydrocarbons, which 
may be expected to have similar physiological actions on warm-blooded 
animals. Since the insecticidal powers of these compounds have made 
their general use desirable, it is necessary that any effects which these 
materials may have on workers be carefully evaluated. It is particularly 
important to know whether these substances if absorbed over long 
periods of time might produce deleterious effects. Because of these 
considerations, a clinical and laboratory study was undertaken, of a 
number of workers who had been engaged from one to three years in 
the manufacture and formulation of these products. To our knowledge, 
no previous clinical studies of humans exposed to these compounds have 
been made, and all existing information has been of necessity based on 
animal experimentation. 

The chemical structures and empirical formulas of the three insecti- 
cides with which this study was concerned are as follows: 


Chlordan (CwHeCls) 


Cl 


Fig. 1.—Formula of chlordan. 


Empirical formula: 
indene. 


* Fellow in Industrial Medicine. 


This work was done with the aid of a grant from Julius Hyman and Company, 
Denver. 


From the Division of Industrial Medicine of the University of Colorado 
Medical Center. 
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Aldrin (CiHsCl) (compound 118) 


Fig. 2.—Formula of aldrin. 
Empirical formula: 
anonaphthalene. 


Dieldrin*» (compound 497) 


Fig. 3.—Formula of dieldrin. 


Empirical formula: 
1,4,5,8-dimethanonaphthalene. 


The available information concerning the toxic effects of these sub- 
stances is not extensive. Stohlman and co-workers? reported that 
repeated oral administration of chlordan produced in rabbits focal 
necrosis of the liver, degenerative changes in the proximal convoluted 
tubules of the kidney and pulmonary exudates in the alveoli and bron- 
chioles of the lungs. Bushland and his associates * applied chlordan as 
1.5 per cent sprays to cattle and hogs and as dips to sheep and goats. 
The material was also sponged onto horses. The treatments were applied 
eight times at four day intervals, and observations were continued for 
at least 30 days after the last treatment. Their findings showed that 
the principal signs of toxicity of chlordan poisoning were of neurological 


1. (a2) Announcement, Bureau of Entomology and Plant Quarantine, Dec. 12, 
1949. (b) Announcement, Bureau of Entomology and Plant Quarantine, Dec. 12 
and 13, 1949, 

2. Stohiman, E. F.; Thorp, W. T. S., and Smith, M. I.: Studies in the 
Pharmacologic Action of Chlordane, Federation Proc. 8 (pt. 1) :134, 1949. 

3. Bushland, R. C.; Wells, R. W., and Radeleff, R. D.: Effect on Livestock 
of Sprays and Dips Containing New Chlorinated Insecticides, J. Econ. Entomol. 
41:642, 1949. 
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nature; the chief pathological changes were damage of the liver and 
subserosal hemorrhages. 

Similar experimental information concerning aldrin and dieldrin is 
extremely meager. The preliminary work * indicates that single doses 
of 95 to 105 mg. of aldrin per kilogram of body weight may represent 


TaBLe 1.—Information Concerning Men Examined 


Length of 
Work, Mo.* Age, Yr.t Area in Which Subject Worked 
30% Sales service lab. 
12 Operation M-101 
12 Operations chlordan, 118, 497 
33 Operations chlordan, 118, 497 
3344 Operation M-101 
Operations chlordan, 118, 497 
Operations chlordan, 118, 497 
Operations chlordan, 118, 497 
Operations chlordan, 118, 497 
Development lab. 
Control lab. and plant lab. 
Control lab. and plant lab. 
Control lab. and plant lab. 
Development lab. 
Plants area 
Plants area 
Plants area 
Control lab. and plant lab. 
Control lab. and plant lab. 
Office 
Office 
Sales service lab. 
Bioassay lab. 
Control lab. and plant lab. 
Control lab. and plant lab. 
Office 
Control lab. and plant lab. 
Sales service lab. 
Development lab. 
Control lab. and plant lab. 
Sample room 
Store room 
Office spaces 
Control lab. and plant lab. 


* The average number of months employed was 28. 

+ The average age of men employed was 382.6 years. 

? These men are chief operators on rotating shift work, and their duties necessitate working 
in each of the units mentioned. 


the LD,, of the material to dogs. Kitselman and co-workers® have 
studied the effect of aldrin on steers, heifers, dairy cows and sheep. 
They have described degenerative changes in the liver and the kidneys 
which were uniformly observed in those animals that died from 


4. Borgmann, A. R.: Unpublished data, 1950. 
5. Kitselman, C. H.; Dahm, P. A., and Borgmann, A. R.: Toxicological 


Studies of Aldrin (Compound 118) on Large Animals, Am. J. Vet. Research, to 
be published. 
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measured doses of aldrin. Most of the toxicant was recovered from the 
liver, the kidney and fat tissue. Dieldrin exhibits an LD,, to dogs 
within the range of 65 to 95 mg. per kilogram of body weight.‘ 


EXAMINATION OF WORKERS 


This survey consisted of a study of 34 persons engaged in the manufacture of 
all these products. Of these 34, only 22 were directly exposed during the manu- 
facturing process. Although exposure was mainly by inhalation, all three of the 
materials were known to come into contact with the skin. Rubber gloves had 
been furnished all the men, and they had been told to wash off with soap and water 
any material with which they might come into contact. These instructions were 
not enforced, and it is impossible to report how well precautions were maintained. 

Table 1 shows the ages of the men, the duration of their employment and the 
area in which they worked. Since some of the men had not received preemploy- 
ment physical examinations, careful inquiry concerning the state of their health 
at the time of their employment was deemed necessary at the initiation of this 
study. In December 1948 routine urinalyses and chest roentgenograms had been 
made for 27 of the men. There had been no positive findings in any of the men 
of this group. The histories of the other seven men did not suggest abnormalities. 
The clinical and laboratory investigation included the following: 


1. A complete history and physical examination, including a chest roent- 
genogram. 

2. Urinary dilution and concentration tests by the Mosenthal modification. 

3. Routine urinalysis. 

4. Hemoglobin determination by the photoelectric method. 

5. Determination of the sedimentation rate by the Wintrobe method. 

6. Complete blood count. q 

7. Porphyrin determination by a modification of Watson’s short method.® 


A complete neurological examination was carefully carried out because it was 
felt reasonable to suppose that these compounds might prove similar in action to 
other aliphatic and aromatic halogenated hydrocarbons which are known to affect 
the central nervous system. A study of the optic nerves and disks was made. 
Visual acuity and visual fields were determined by standard methods. Cranial 
nerves were tested for any deviations from the normal, as were the neuromuscular ; 
functions of the remainder of the body. 

Because of the possibility that these compounds might have a toxic effect on 
the liver, each person was questioned closely concerning gastrointestinal upsets, 
jaundice, dark urine, changes in color of the stools and pain or tenderness in the 
right upper quadrant of the abdomen. Urinary porphyrin determinations were done 
because it is known that in certain pathological conditions there is an increase in 
porphyrin excretion. The exact physiological responses which produce this increase 
in porphyrins is not entirely clear. Watson,? however, has suggested that the 


6. de Langen, C. D., and ten Berg, J. A. G.: Porphyrin in the Urine as a 
First Symptom of Lead Poisoning, Acta med. Scandinav. 130:37, 1948. 

7. Watson, C. J.: Concerning the Naturally Occurring Porphyrins: The 
Isolation of Coproporphyrin I from Urine in a Case of Cinchophen Cirrhosis, J. 
Clin. Investigation, 14:106, 1935. 
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increase may be the result of damage to the excretory powers of the liver. There- 
fore, it was felt that if toxic effects on the liver were being caused by these com- 


pounds, such effects would probably first be reflected in increased porphyrin 
excretion. 


METHOD OF AIR SAMPLING 


Air sampling was an essential part of the study because it was necessary to 
know not only that the men were actually working near and with the various 
materials, but it was also important that information be obtained concerning the 
actual amounts of the substances which they were likely to inhale during a working 
day. Two types of apparatus were employed to collect the air samples at the 
various test points. When both sampling devices were used in a single location, 
they were run simultaneously. 

A Willson combustion apparatus was used to collect the samples (“B” samples) 
for total chlorinated hydrocarbons in the room air. The equipment utilizes a 
combustion furnace to break down the chlorinated hydrocarbons. From the com- 
bustion furnace, the sample passes through a bead absorption column containing 
chloride-free sodium carbonate plus chloride-free arsenic trioxide. A collection 
rate of 1.5 L. of air per minute was maintained with this apparatus. 

The various individual materials in the air were collected by means of two 
glass absorbers in series (“A” samples). Collection rate for this apparatus was 
0.1 cu. M. of air per minute. 

The length of the sampling time with hoth pieces of equipment was from 30 
to 45 minutes. The samples were drawn through the instruments by means of 
Willson suction pumps. 

At all test locations, general room air samples were taken at the workers’ 
normal breathing level. In the operations building, one set of tests was run on 
the first floor near the aldrin (compound 118) reaction tanks. The other set 
of tests was run on the third floor near the dieldrin (compound 497) reaction tanks. 
All samples that were taken in the various laboratories were collected at a central 
location within the laboratory in order to secure a representative test of the general 
room air. Sampling was done on days which were typical of ordinary operating 
conditions. In our opinion, these samples represented the average of possible high 
or low values of exposures. 

Chemical analysis was carried out as follows: 


The “A” samples were made up to 250 ml. with dioxane, and a 100 ml. aliquot 
was evaporated almost to dryness in an evaporating dish. The residue was washed 
into standard colorimetric tubes, and the procedure for aldrin as described by 
Danish and Lidov ® was employed. Since there is no specific chemical method for 
chlordan or dieldrin, these substances were determined by calculation from the 
total chlorine determination. The “B” samples were made up to 100 ml. after 
acidification with nitric acid and were treated with silver nitrate. They were then 
compared by a turbidimetric method on a model 11 spectrophotometer at 650 mu. 
The numbers of milligrams of chlorine which were thus determined were calculated 
as aldrin (compound 118) and represented all organic chlorides and any inorganic 
chlorides which might have been present. 


8. Danish, A. A., and Lidov, R. E.: Colorimetric Method for Estimating 
Small Amounts of Aldrin (Compound 118), Analyt. Chem. 22:702, 1950. 
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RESULTS OF PHYSICAL EXAMINATIONS 

Medical histories and physical examinations yielded essentially 
normal findings. Visual acuity and visual fields were found to be within 
normal limits in every case. The funduscopic examinations of the eyes 
revealed no abnormalities. 


TaBLe 2.—Results of Laboratory Blood Studies 


Subject 


18 
19 
20 
2 
22 
23 
24 
27 
28 
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30 
31 
32 
33 
34 


Based on Count of 200 Cells 


Polymorphonuclears 
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Millions Cu. Mm. Total Seg. Band cytes phils 
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4.58 70 ll 

8 


RES: 
ond 


~ 


= 


2s 


= 


wwe 


Oe 


Lympho- Baso- Eosino- Mono- 


Since the men examined had been exposed to the compounds in 
question primarily by inhalation, chest roentgenograms were taken of 
the entire group. In no case was there any evidence of abnormal 
shadows. In the case of 27 of the men for whom chest roentgenograms 
had been made a year prior to this study, no change in roentgenological 
appearance was noted. None of the men gave histories of increased 
cough, expectoration or throat irritation. There appeared to be no 
increased incidence of infections of the upper respiratory tract. 
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17.6 5.00 5,750 
18.4 4.40 5,400 
12 15.5 10,800 
18 162 441 5,100 
14 18 4.97 4,600 
15 15.5 4.90 12,700 
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Subject 10 was found to have increased breath sounds and musical 
rales anteriorly and posteriorly over both lung fields. Close questioning 
revealed that he had had chronic asthma since early childhood and that 
he had experienced difficulty in breathing after being exposed to hexa- 
chlorocyclopentadiene, an intermediary substance in the manufacture of 
these insecticides. This substance had also produced itching and burning 
of the conjunctivas. 

Routine urinalyses revealed no significant findings, and the urinary 
dilution and concentration tests gave normal results in every case. These 
findings suggest that no measurable renal damage was produced. 

Table 2 is a compilation of the results of the routine blood exami- 
nations. No significant deviations from the normal figures for this 


TaBLe 3.—Results of Analytic Study of Air Samples Obtained in Cases of Aldrin Exposure 


Atmospherie Concentrations, 
in Mg. per Cubic Meter 


1 2 8 
All Chlorinated All Other 
Hydrocarbons Organic 
Calculated as Chlorides and 
Date of Aldrin (from Aldrin (from Any Free 
Subjects Area of Work Collection B* Samples) At+tSamples) Chloride (1-2) 
3, 4, 6, 7, 8, 9 Operations (manufac- 2/16/50 ‘ J 7.3 
turing and formulating) 
11, 12, 13, 18, 19, Plant 2/16/50 12 
24, 25, 27, 30, 34 Control lab. 2/16/50 \ . 52.6 
1, 22, 28 Sales service lab. 2/17/30 5 é 4.6 
10, 14, 29 Development lab. 2/17/30 J 9.0 


2, 5, 15, 16, 17, 20, Various other buildings 2/17/50 No evidence of chlorinated hydrocarbons in 
21, 23, 26, 31, 32, 38 the room air 


* B samples were obtained by the chlorinated hydrocarbon combustion collection technic. 
+A samples were obtained by the absorption technic. 


? The exposures of individuals in this laboratory are believed to have been considerably greater than indicated by the data 
given, inasmuch as pilot plant quantities of aldrin and dieldrin had been processed, with minimum protection of the exposed 
workers, for more than a year prior to the time of atmospheric sampling. 

§ These high figures can probably be accounted for on th> assumption that large amounts of hydrochloric acid and 
ammonium chloride were present in the atmosphere. Such findings are not uncommon in chemical laboratories. 


altitude (5,280 feet) were seen. The blood smear of subject 19 (a 
Negro) did show the presence of a few target cells despite the fact that 
his total red cell count was normal. In an effort to determine whether 
or not these celis were significant, blood smears were done for the sub- 
ject’s father and mother. The mother’s blood smear revealed numerous 
target cells, and her hemoglobin value and red cell count were low. 
Since this syndrome is considered characteristic of certain individuals 
of the Negro race, it was felt that there was no relationship between 
this finding and the occupational exposure. 

Significant amounts of porphyrin were not found in the urine of any 
of the men. According to our method, none of the determined values 
was more than 5 micrograms per cent above our established curve for 
healthy persons. These findings are within normal limits. 
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RESULTS OF AIR SAMPLING 


Table 3 shows the analytic results of the atmospheric sampling. All 
chlorinated hydrocarbons were calculated as aldrin (compound 118), 
and the atmospheric concentrations are reported in milligrams per cubic 
meter of air. The highest concentrations for all hydrocarbons were found 
in the control and development laboratories, and the lowest were found 
in the plant laboratory. The latter area was highest in concentration of 
aldrin, however, and provided exposures which were definitely sig- 
nificant. 


COMMENT 


Whenever a new substance is manufactured or used in other pursuits, 
the effect of the substance on the workers themselves is frequently con- 
sidered to be serious until it is shown to be otherwise. This is naturally 
the case, since the toxicity of new compounds can never be predicted 
without adequate investigation. However, a substance can be considered 
relatively safe for ordinary use when the concentrations in which it is 
employed produce no harmful effects on those exposed to it. For this 
reason, the present study of 22 workers who had been exposed to the 
insecticides chlordan, aldrin and dieldrin was carried out. 

Animal experimentation had suggested that if adverse effects were 
present, they would be manifested by loss of weight, anorexia, headache, 
nausea, nervous disorders and disturbances of vision and respiration. 
Under the conditions of this study, none of the organ systems. of the 
human subjects seem to have been affected by concentrations of these 
substances encountered in the air of a manufacturing and formulation 
plant (more than 5 mg. per cubic meter) for periods of from one to 
three years. 

Within certain limits, both length of exposure and atmospheric con- 
centrations must have varied. It is evident, however, that if delayed 
symptoms were to have been expected, they should have become apparent 
during the period of this study. 

It has been shown that during the process of manufacture of these 
materials (chlordan, aldrin and dieldrin) and under the atmospheric 
conditions which were observed and determined, there was no measurable 
effect on the respiratory system. It is logical to suppose that a certain 
amount of absorption of these compounds occurred in the body, not only 
by inhalation but also by skin absorption. There was no evidence, 
however, of any deleterious effects on the central nervous system, the 
liver, the kidneys or the hemopoietic system. 

Allergic phenomena were not found in this study. Nevertheless, the 
fact that such manifestations may occur and that sensitivities to these 
compounds may develop must be seriously considered. More widespread 
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use and exposures of many more individuals will be necessary before 
such sensitivities can be accurately determined. 

We do feel it reasonable to assume that under the present conditions 
of formulation and use, chlordan, aldrin and dieldrin will not produce 
measurable harmful effects among those persons who are continuously 
exposed to concentrations which are encountered under ordinary con- 
ditions of use. All ordinary precautions should be continued, however, 
to prevent excessive accidental exposures and skin absorption. 

The conclusions and recommendations which are expressed in this 
report are based entirely on a study of persons whose exposures 
occurred during the manufacture and formulation of these insecticides. 
Further studies are necessary to determine the consequences of field use. 


The hematological studies were done by Miss K. Philippine Dixon. 
The roentgenograms were interpreted by Dr. Morris Levine. 
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AN ANALYSIS OF EXISTING TYPES OF SMALL-PLANT HEALTH 
SERVICES IN NORTHEASTERN UNITED STATES 


R. B. O'CONNOR, M.D. 
BOSTON 


STATEMENT OF THE PROBLEM 


T HAS LONG been known that small industries and their workers have 

qualitatively the same need for an industrial health program as do large industries 
and their workers. However, quantitatively the need is obviously much less, and 
the range of medical problems may be less. Thus the reason for the delay in the 
development of effective health programs in small plants has been the difficulty of 
developing such programs with less than full time medical personnel. In the 
smaller plants their medical needs and their available budgets may not justify full 
time physicians and nurses. 

If large plants spend up to $25 per year per employee for their industrial health 
program, they must feel it is worth the expense. If an effective medical program 
can be developed for a small plant on the same per capita basis as in the large plant, 
the investment should be equally justifiable. Such programs have been and are 
being developed, and in many instances where figures are available, the returns on 
the investment have reached amazingly happy proportions. Indeed, the returns 
are such that one wonders why rnanagements and workers continue blissfully to lose 
money every day they continue without a real medical p:ogram. 

The purpose of this paper is to describe some of the methods, presently in use, 
of furnishing health services to small industry in Northeastern United States that 


have proved to be effective and the pitfalls that limit program effectiveness that 
must be avoided. 


FOUR ELEMENTS VITAL TO PROGRAM SUCCESS 


Experience with this problem over a period of years has permitted crystallization 
of certain elements that can be considered vital if the small plant program is to 
be really effective. In programs that have worked well, these elements have been 
present. In programs that have not worked well or have not reached maximum 
effectiveness, some or all of these elements have been missing. 


MEDICAL DEPARTMENT INTEREST IN INDUSTRIAL HEALTH 

The first important requisite is an interest in industrial health on the part of 
the medical personnel. This may seem obvious, and yet it has been one of the com- 
monest reasons why many medical programs in small plants have failed to reach 

Read before the Third Annual Gulf Coast Conference on Industrial Health, Houston, 
Texas, Oct. 14, 1950. 

Assistant Professor of Industrial Medicine, Harvard School of Public Health; Division 
Medical Director, Liberty Mutual Insurance Company. 
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maximum effectiveness. By “interest in industrial health” I mean a real interest 

in the development of the preventive aspects of a plant health program. The 

majority of small plant “health programs” have developed more or less adequate 
handling of occupational injuries and have stopped there. While it is admirable and 
necessary to have good care of plant injuries, one knows from experience that it is 
the “preventive” efforts of the program, in terms of illness as well as of accidents, 
that really pay dividends to the plant and to the workers. 

Many small plants today have no medical program. Others have some form of 
program, which usually falls into one of the two following types. 

1. A physician in the neighborhood is chosen, to whose office injured employees 
may be sent and who may do a simple screening preemployment physical 
examination. This arrangement may be in conjunction with a scattering of 
first aid kits in the plant where self-medication is encouraged, or there may 
be one or more trained first-aiders who spend part of their time giving 
first aid. 


2. In those plants considered to be large enough, there may be a full time nurse 
with or without the arrangements described in the foregoing paragraph. 
Such a nurse may be interested in health counseling, health education, 
follow-up and the like, but all too frequently her job has been conceived 

as limited to the handling of injuries, and there the program has stalled. 
Where the nurse or the physician has been interested in developing a real 
preventive medical program they have often been successful in persuading the 
management to permit such development. However, unfortunately, the nurse or 
the physician or both have frequently centered their interest on trauma. Where the 
nurse or the doctor has been “preventive-minded,” programs have developed in 
small industries that are quite comparable in scope and effectiveness to those in the 
larger industries. For these reasons one repeats: “The first important requisite 
is a real interest in industrial health on the part of the medical personnel.” A 
corollary of this is personalities in the medical staff such that the employees will 
like them and want to go to them with their problems. Those interested in indus- 
trial health realize that to be really effective the medical program must be built to 
meet the specific medical needs of the plant. Indeed experience has shown that a 
small plant will often buy a medical program when it is offered as the answer to 
an immediate and pressing problem. From this initial approach the program is then 
broadened to meet other medical needs that become apparent. 


MEDICAL SERVICE MUST COME INTO THE PLANT 


The medical service must come into the plant. Except in rare instances, rare 
indeed, when the services of a local clinic or a doctor’s office are used exclusively, 
with no medical personnel at any time in the plant, no small plant health service 
has reached maximum effectiveness. My associates and I have had enough experi- 
ence with many hundreds of industries to assure ourselves that such a positive 
statement is justified. 

When industry brings the right medical personnel into the plant for enough 
time to meet the medical need, then a really effective medical program is begun. 
The worker needs to feel that the medical program is his plant medical program; 
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that the doctor and the nurse are his plant doctor and nurse. Free access to medical 
personnel is necessary. Indeed, the worker must be encouraged to seek the counsel 
of plant doctor and nurse, not only for plant injuries but for anything that is 
bothering him, physical or mental, occupational or social. Then the medical program 
can really accomplish its purpose of maintaining and improving worker health and 
worker effectiveness. It is difficult to stress this point adequately. It is every 
bit as important as the first one—‘preventive-minded” personnel. We have seen 
instances in which the medical personnel involved were very “preventive minded” 
but were unable to develop a really effective program until they could spend part 
of their time within the plant walls. 


INTEREST AND SUPPORT OF MANAGEMENT NECESSARY 
Management interest and support are vitally important to the development of 

an effective industrial health program. In some instances a physician or a nurse 

with true missionary zeal has done the necessary proselytizing. In some instances 

the obvious effectiveness of the work of the physician and the nurse have brought 

management to a realization of the value of an effective preventive medical program 

I know of no instance in which a program has reached maximum effectiveness , 

without real interest and support on the part of management. 


Obviously support of labor and the individual employees is necessary, but if 
the program is provided for their benefit and is staffed by the right caliber of 
medical personalities, it will inevitably receive their support. 


PRIMARY AIM IS BENEFIT TO EMPLOYEES 


The primary aim of the medical program must be the good of the employees. 
If the program is conceived and pursued wholly in management’s interest, it will 
never become fully effective. It is true that the usual reason why management 
invests in a medical program is the considerable savings that will accrue, but this 
reaches its maximum only through improving and maintaining the individual 
effectiveness of the worker, and this in turn comes only from improving and 
maintaining the health of the individual worker. Thus the benefit to management, 
while it may be very considerable, must come indirectly from a program that is 
primarily built for the benefit of the worker. The program developed solely in 
the interests of management is a short-sighted program that can never yield the 
greatest return from the medical investment. 


To summarize, then, the four essential requirements for the success of a small- 
plant medical program are these: (1) The medical personnel must be truly 
interested in developing a real industrial health program; (2) the medical service 
must come into the plant; (3) the program must have management interest and 
support, and (4)-the primary aim must be the good of the employees. 


HOW CAN AN EFFECTIVE PROGRAM BE BUILT? 

This leads to the crucial problem in small plants: “How can such personnel be 
employed and such a program be built in a plant too small to justify a full-time 
medical staff?” There are many ways. Some of them are effective, and some 
are not. In those instances we have studied, where attempts at developing a 
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small-plant medical program have failed, one or more of the four basic requirements 
listed here have been missing. In those small plant medical programs that have 
proved to be successful all four have been present. 

Some managements and some physicians and nurses have attempted to develop 
a medical service for a small plant that lacked some or all of these four basic 
requirements. In those instances financial outlay, sometimes considerable in size, 
has not netted the full returns that should have resulted. In the light of experience, 
it was evident that the results they expected would not be realized. 

For this discussion, then, one may dismiss the many types of medical service to 
small plants that do not meet the four elements known to be essential to the full 
success of such service. This includes those programs in which no scheduled visits 
to the plant by medical personnel are planned, services that are aimed solely at 
trauma, with no interest in preventive medicine, plans that are to be built on 
inadequate personalities in the medical staff, programs built solely in the interest of 
management, or those that are without the interest and support of top management. 
Surprisingly enough, this dismisses a vast number of so-called medical programs 
in small plants. However, rather than spend time reviewing such attempts, for 
this discussion it will be more fruitful to review those programs that small plant 
managements can use with assurance of real effectiveness. 

Obviously, the initial and most difficult problem for management is that of 
finding the right doctor and the right nurse who would be willing to develop such 
a program for the plant on a part time basis. 


FULL TIME INDUSTRIAL PHYSICIAN $%HARED BY SMALL INDUSTRIES 


There are physicians who are spending full time in industrial medicine and 
sharing their time among a group of small plants. The classic example of this is 
the plan in Hartford, Conn., developed by Dr. Albert Gray and Dr. Ronald Buchan. 
Here Dr. Boland spends a scheduled period each day in each plant and thus has a 
very satisfying and challenging full time industrial medical practice. This plan has 
proved eminently satisfactory. The vice president in charge of industrial relations 
of one of these plants has publicly accredited the medical program with a reduction 
of lost-time accident frequency and absenteeism of 50 per cent. He is very pleased 
with its beneficial effect on employee relations. Staffed by the right medical 
personnel and with the right management intent and support, this has proved to be 
a highly satisfactory answer to the small plant medical service problem. Unfor- 
tunately, it has been difficult to find physicians of the right caliber and personality 
who are willing to accept such a position. This is difficult to understand. The 
salary is commensurate with those of other full time positions in industry. Because 
it covers a number of industries, it avoids the occasional instance in full time work 
in a single industry in which a change in management or in management philosophy 
or in plant population has rendered the physician jobless. Unfortunately, also it is 
difficult to bring together the thinking and planning of a number of small plant 
managements at one time to create such a position and such a service. The certain 
advantage, viz., that this brings to the small plant a physician who is making the 
special field of industrial medicine his lifetime work, leads one to feel that this will 
be among the most effective of the answers to the small plant problem. (In this 
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instance the doctor is not paid on an hourly or per capita basis. The plants agree 


to a fixed annual salary, and a percentage of that is paid by each plant according 
to the percentage of his time each uses.) 


HALF TIME INDUSTRIAL PHYSICIANS 


There are doctors whose interest in the field have led them to spend half or 
more of their time in in-plant service to several small plants. An eminently 
successful example of this exists in New York. There Dr. Arnold Tabershaw 
spends four hours a day visiting several plants. This will work well when, as in 
this instance, the physician makes scheduled visits to the plant, he is very much 
interested in a preventive industrial medical program, the intent of the program is 
proper and management interest and support are good. In this example one small 
company, totaling 700 employees, with three small locations, found at the end of the 
year that their total compensation losses were one half what they had been and that 
they were saving in reduction of absenteeism a sum approximately equal to 6 per 
cent of their total payroll. Reimbursed on an hourly basis, this brings him a 


satisfactory income that permits greater leeway in his choice of patients in his 
private practice. 


PART TIME PHYSICIAN FROM THE COMMUNITY 


The commonest, and easiest to procure, type of part time doctor service is that 
of a local physician, practicing in the community, who is willing to come into the 
plant for certain ,cheduled hours each week. This has really been successful only 
in those instances in which management was fortunate enough to find a physician 
with the right personality and a sincere interest in developing a real employee 
health program. Such physicians have been able to build for the small plant a 
program comparable to the full time service in large plants and equally broad and 
effective, with as ample returns on the cost. 

One small plant near Boston with such a service was pleased with $10,000 
returned to them one year through reduced compensation losses, and $16,000 the 
next year. Reduction in absenteeism was reflected in approximately 50 per cent 
reduction in their group insurance losses. This is a plant of about 700 employees. 
Whenever such a service is recommended, the usual immediate question of manage- 
ment is “Wherever could I find such a physician?” It is difficult indeed. In some 
communities it is impossible. Not all physicians are of the makeup to fit industrial 
medicine any more than all physicians are made to be surgeons or research 
physiologists or hospital administrators. This special field requires men with the 
right personality, with a real interest in the preventive potentials of an industrial 
health program and with a desire to learn and apply the fundamentals of industrial 
medicine. 

The most readily available physicians for part time jobs in small industries have 
been young physicians, just starting in the community, who are willing to accept 
such work to build up their private practice. In a few instances this has resulted in 
their becoming among our best industrial physicians. In some instances, however, 
the private practice has grown at the expense of the industrial program with 
eventually little or no interest in the in-plant work. In some instances, the desire 
to build a private practice has led the physician to succumb to the ever-present 
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temptation to “pirate” nonoccupational cases concerning plant workers from their 
family physicians, and this has breught discredit on the plant program and on 
industrial medicine in general. 

However, except in highly industrialized areas, part time medical service to 
industry undoubtedly must be found in the local practitioners. The right physician 
can almost always be found, but it often requires some searching. Frequently the 
most competent surgeon or the most popular general practitioner in the area is too 
busy to spend the time necessary to develop a small plant health program. Finding 
the right man means seeking the right philosophies, interest and personality. 


METHOD OF REIMBURSING THE PHYSICIAN 


The best method of reimbursing the physician for such visits to the plant has 
been found to be the payment of an hourly stipend rather than a fee for service. 
The amount varies in different localities but should run between $10 and $15 an 
hour. The fee for service has been found too difficult to control and in some 
instances has gone inordinately out of hand. It does not encourage “prevention,” 
and it continually raises the question of billing whom for what. Some doctors have 
been loath to set an over-all figure on their service because they have been trained 
in the fee for service method and do not feel competent to set a price on a salary 
basis. However, they may be assured that the usual figure of $10 an hour (some- 
times ranging up to $15) has proved satisfactory to both industry and physicians 
as decent recompense for services rendered. 


THE INDUSTRIAL NURSING PROBLEM 


A problem somewhat parallel to that of procuring the services of the right 
physician exists in finding nursing service for small plants. However, many plants 
that do not require a full time physician do need a full time nurse or nurses. In 
that event there is entailed merely the work of finding a nurse who wants to work 
full time in industry, who has the right personality, interest and initiative, and who 
either has experience in the field or is really interested in learning it. 


FULL TIME NURSE IN A SMALL PLANT 


Such a nurse can produce amazing results. One plant of 550 persons in New 
England had for several years run a lost time accident frequency around 45. They 
were able to procure the full time services of an ideal industrial nurse. During the 
first year of her service the lost time accident frequency was 3. They had been 
losing about 300 man-hours a year owing to infections of industrial injuries. In the 
first year of her office there was no lost time due to infections. During that time 
accidents were occurring just as they had before, but her ministrations were reducing 
the significance of the accidents, and her attention was keeping unnecessary lost 
time at a minimum. 


Although size is not at all the sole criterion, it is fairly safe to say that ordinarily 
the average plant of 100 to 150 does not need the services of a full time nurse. 
For such a plant a part time nursing service that brings a nurse to the plant for a 
definitely scheduled period each day can be procured. There are many ways in 
which this is being done. Its effectiveness, or lack of it, depends almost entirely 
on the personality, the training, the interest and the initiative of the nurse. 
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FULL TIME INDUSTRIAL NURSE SHARED BY SMALL INDUSTRIES 


A method in use in Boston that has proved to be very satisfactory is the sharing, 
among two or more plants, of the full time services of a well trained industrial 
nurse. Fifteen plants in this plan share the services of six nurses. Each nurse 
divides her time among two or three plants, the smallest of which employs 50 
persons. We, at Liberty Mutual Insurance Company, interested the plants in the 
idea and found and trained the nurses. The plant contracts directly with the nurse 
to pay her $2 per inplant hour. Because the work is challenging and pays well, it 
has attracted nurses of very satisfactory caliber and experience. In almost every 
instance management has bought more of the nurse’s time as the effects of her 
service became obvious. In every instance in which figures are available there has 
been a very sizable drop in compensation losses and in some a noticeable effect on 
absenteeism. I am sure that the magnitude of the results are directly related to 
the unusually good caliber of the nurses involved, and returns would be less if 
lesser nurses were furnishing the service. 

Among the plants in this plan, one, employing about 160 workers, spends 
$1,000 a year for two hours of nursing service a day. The first year they had the 
nurse their compensation losses were about $4,700 less than the previous year. 

Another plant, employing about 175 persons, uses four hours of nursing time a 
day at a cost of about $2,000 per year. During the first year of this service they 
noted a 52 per cent reduction in lost time accident frequency and an 82 per cent 
reduction in lost time accident severity, the equivalent of about $3,500 in 
compensation dollars. 

A plant of about 200 employees uses four hours of such nursing service. That 
company’s treasurer considers the nurse has been responsible for cutting their com- 
pensation losses approximately in half and appreciably reducing their absenteeism. 

Another plant in this group noted that their cases of lost time due to plant 
accidents dropped to one fifth of their previous experience after they had procured 
four hours daily of nurse service for their 175 employees. 

None of these seven plants would do without the service now whether or not it 
affected their compensation experience because they have come to realize the 
significance of the many less tangible benefits of such a program. 

In each instance the physician who has been handling the bulk of the compen- 
sation cases furnishes nominal supervision that, in most instances, does not go 
beyond the signing of standing orders and an occasional telephone conversation 
regarding a case at hand. This constitutes a significant defect in the medical 
service, because it limits the service entirely to a nursing level program and does 
not furnish optimum medical supervision of the nurse’s activities. In each instance 
the nurse is attempting to persuade management of the importance of bringing a 
physician into the plant and eventually, undoubtedly, this will occur. The program 
can then be developed further to add those activities that can be accomplished only 
if a physician pays visits to the plant. In the meantime, however, it is bringing 
some medical service to a group of plants that are too small even to hire a full 
time nurse. 

A different approach has been used by Dr. Arnold Tabershaw in New York as 
noted above. The plant contracts with the part time physician from the beginning. 
They agree to pay him a stipulated sum for ore hour of his time a week and five 
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hours of nursing time, or multiples thereof. Out of this stipend the physician hires 
and pays a nurse to serve the plant part time. This starts the program at the 
doctor level from the beginning. It avoids management’s frequent reticence in 
taking the step from nurse to in-plant doctor service. It prevents the occasional 
instance in which a nurse, well ensconced as the medical authority in a plant, is 
loath to see a physician come in above her. It removes the difficulties associated 
with split supervision of the nurse under which she reports partly to the physician 
and partly to the industrial relations man. In this instance she is in the direct 
employ of the physician. Although such a system is more difficult to sell to 
management, its advantages are obvious. That it has been eminently successful is 
attested by the halving of their compensation losses and the reduction of absenteeism 
equivalent to about 6 per cent of their total payroll as noted above. 


PART TIME INDUSTRIAL NURSING 


Part time nursing is being used successfully in a number of plants where 
management has been able to procure the services of a registered nurse for a few 
hours each day. These have been private duty nurses or married nurses who 
wanted the added income the work afforded. In those instances in which the nurse 
has been of the right personality, caliber and interest it has worked out well. In 
one such plant the management has been impressed with its effect on absenteeism. 
One is particularly pleased with the control of compensation losses which it has 
produced. Another feels the effect on industrial relations is very worth while. 


VISITING NURSE ASSOCIATION SERVICE TO SMALL PLANTS 


The value of such part time nursing service when given by the Visiting Nurse 
Association has varied widely. It some areas the V. N. A. has insisted on rotating 
nurses, which of course prevents the development of the best nurse-employee 
relationships. In others there appears to be the philosophy that a nurse who visits 
homes can visit plants with equal success—a lack of understanding that industrial 
nursing is a very special field. In others, charges have seemed excessive. Where 
set up properly, the V. N. A. can develop part time service for small industry with 
some degree of effectiveness. However, the problem of adequate doctor supervision 
remains, and usually the program will become fixed at a nursing level. 


SUMMARY 


The problems associated with the provision of an employee health service in 
small plants are described, with some of the methods presently in use that have 
proved to be successful. The basic elements that will determine the success or the 
failure of such a program are outlined. It is true that the vast numbers of small 
plants constitute a considerable challenge in furnishing really effective medical 
service. It is not true that we must grope for methods and plans. Effective 
programs are now in operation, and their value has been proved. There are 
criteria to determine whether a given program will be really effective or not. 
Management is showing increased interest. 

One looks forward with confidence to wider acceptance and use by small 
industries of small plant health programs of proved effectiveness. 

175 Berkeley Street. 
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EXPERIMENTAL BERYLLIUM GRANULOMAS OF THE SKIN 


FRANK R. DUTRA, M.D. 
CINCINNATI 


HERE is considerable evidence to indicate that beryllium is capable of 

producing granulomatous inflammation in human tissues. Pulmonary fibrosis 
and granulomas have been observed in a number of workmen who had been exposed 
to dusts of beryllium oxide or to phosphors' which were comprised in part of 
beryllium oxide, and the fact that this pulmonary condition is related to beryllium 
compounds has been established beyond reasonable doubt. In addition, granu- 
lomas of the skin have resulted where fragments of metallic beryllium or of phos- 
phors containing beryllium oxide were implanted accidentally through lacerations.* 
The epidemiological evidence relating to chronic pulmonary berylliosis suggests 
that various dusts containing beryllium oxide differ in their capacities to produce 
granulomatous inflammation. The reasons for the differences are not known, but 
there is a possibility that the pathogenic properties of the dusts may be related to 
the conditions under which the powders were calcined. Electron microscopy reveals 
modification of structure in particles which have been calcined under different con- 
ditions (figs. 1 and 2). 

In the experiments reported here, an attempt has been made to produce granu- 
lomas in the skin of experimental animals, using purified compounds of beryllium 
and a sample of metallic beryllium. These experiments were planned so that 
differences could be detected in the degree or the type of reaction to the metal, to 
two different specimens of beryllium oxide and to two different fluorescent powders, 
each of which contained beryllium oxide. 


COMPOUNDS TESTED 
Sample A. Beryllium oxide powder which had been calcined for three hours at 1200 C. 
The average diameter of the particles was approximately 0.45 micron (fig. 1). 


Sample B. Beryllium oxide powder which had been calcined for three hours at 1200 C., 
and then calcined further at 1370 C. for five hours. It was subsequently rolled in a mill until 
the average diameter of the particles was 1.2 microns (fig. 2). 


This work was supported by the Office of Naval Research. 

The powders used were supplied by Sylvania Electric Products Company, Inc. 

From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, College of Medicine, University of Cincinnati. 

1. Phosphors are fluorescent powders which are used to coat the inside surfaces of com- 
mercial fluorescent lamps. 

2. Grier, R. S.; Nash, P., and Freiman, D. G.: Skin Lesions in Persons Exposed to 
Beryllium Compounds, J. Indust. Hyg. & Toxicol. 30:228-237 (July) 1948. Dutra, F. R.: 
Beryllium Granulomas of the Skin, Arch. Dermat. & Syph. 60:1140-1147 (Dec.) 1949. 
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Sample C. A phosphor containing zinc oxide, beryllium oxide and silica in a mol ratio of 
1:1:1. The beryllium oxide in this sample had been calcined at 1200 C. for three hours, and 


the mixture of these oxides was calcined for six hours at 1230 C. The average diameter of the 
particles was 1.5 microns. 


| 


Fig. 1—Beryllium oxide powder which was calcined at 1200 C. for three hours. 


It consists 
of fluffy particles which vary considerably in size. 


(Sample A; electron micrograph; X 18,500.) 


Sample D. Another phosphor, comprised of the same substances and in the same ratio as 
that of sample C. This material was calcined for three hours at 1285 C., after which it was 
again calcined at 1260 C. for six additional hours. The average diameter of the particles of 
this substance was 3.0 microns. 

Sample E. Fragments of metallic beryllium of various sizes ranging up to 0.01 mm. in 
diameter. The size of the smallest fragments was not determined. 
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DUTRA—EXPERIMENTAL BERYLLIUM GRANULOMAS 


PROCEDURE 
Preliminary experiments indicated that the subcutaneous injection of suspensions of insoluble 


compounds of beryllium did not lead to local granulomatous inflammation in rabbits and rats. 
Porcine skin bears a greater anatomic resemblance to human skin than does that of any of 


Fig. 2.—Beryllium oxide powder, first calcined at 1200 C. for three hours, and then calcined 
further at 1370 C. for five hours. The particles have greater density and a greater mean 
diameter than those of sample A. (Sample B; electron micrograph; x 18,500.) 


the common laboratory animals *; furthermore, the dermis of the pig is closely attached to the 
underlying fat, without intervention of loose areolar tissue, so that the relationship of the skin 


3. Moritz, A. R., and Henriques, F. C., Jr.: Studies of Thermal Injury: II. The 
Relative Importance of Time and Surface Temperature in the Causation of Cutaneous Burns, 
Am. J. Path. 23:695-720 (Sept.) 1947. 
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to the subcutaneous tissues is similar to the arrangement in man. For these reasons it was 
believed that pig skin might react to the implantation of compounds of beryllium in a fashion 
similar to that of the skin of man, even though the skins of rabbits and rats had not done so. 

Five young boars, each weighing about 20 pounds (9 Kg.), were utilized. Approximately 
5 mg. of the substance to be tested was implanted through incisions 1 cm. long into the sub- 
cutaneous tissues of each of 12 sites on the side of a pig. Each pig was subjected to implanta- 
tions of material from only one of the samples described above. The powder was placed in 
the wound and was then pushed % to 3% in. laterally in the corium and subcutaneous fat with 
the broken end of a thin glass rod. The wounds were not sutured but healed spontaneously 
within a short time and without external evidences of infection. 

A glass rod was also inserted into similar wounds without implanting a powder, in order 
to exclude the possibility that the tissue changes observed might have resulted from trauma 
alone. : 

Samples of the skin and subcutaneous tissues in the region of the implantations were taken 
according to the schedule indicated in the table, and, after the removal of each of the biopsy 
specimens, the wound was sutured, and healed without complication. 

The tissues were fixed in solution of formaldehyde (4 per cent), and the sections were stained 
with hematoxylin and eosin. 


RESULTS 


The principal reaction to the dusts occurred in the subcutaneous fat, chiefly in 
the region immediately subjacent to the dermis. The animals in which beryllium 
granulomas developed occasionally had the lesions in both the dermis and the sub- 
cutaneous fat, but in most instances the granulomas were found only in the fat. The 
epidermis healed promptly after the implantation had been made, and there was no 
evidence microscopically of alteration of the epidermis as a result of the presence 
of the beryllium compound. The observations of the reactions in the dermis and 
subcutaneous fat in each of the biopsy specimens are summarized in the table. 

The initial reaction to the implants was of an acute inflammatory type; the first 
biopsy specimens (obtained 48 hours after the implants were made) also revealed 
evidence of proliferation of fibroblasts and activity of mononuclear phagocytes. 
Fibrosis and phagocytosis of dust particles became dominant within a short time, 
and in specimens obtained later than five days after the implantation, the reaction 
had assumed the characteristics of chronic inflammation. 

The samples of powdered metallic beryllium and of beryllium oxide excited the 
production of foreign body giant cells and eventually a granulomatous inflammation 
of nonspecific type; nodular masses appeared in the dermis and subcutaneous fat, 
and these masses were comprised of large mononuclear cells and foreign body giant 
cells, all of which contained ingested particles of dust. Small numbers of lympho- 
cytes were often scattered through these granulomas. After several months, such 
granulomatous masses were small and consisted almost entirely of dust-laden mono- 
nuclear phagocytes and occasional foreign body giant cells, within a small amount 
of fibrous tissue (fig. 3). The reaction to sample A was initially more pronounced 
than that to sample B, and signs of active chronic inflammation were present for a 
longer period in the former. 

The two phosphors stimulated the formation of granulomas similar to the lesions 
which have been observed respectively in the lungs and in the subcutaneous tissues 
of persons with granulomatous pulmonary or cutaneous berylliosis. These nodules 
consisted of whorls of loosely arranged collagenous tissue in which were large mono- 


4. Fewer implants were made with samples D and E (see table) which were tested after 
the completion of the examination of the effects of samples A, B and C. 
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Reactions of Skin of Pig to Implantation of Beryllium 


Beryllium Beryllium 
Time After Oxide Oxide Phosphor Phosphor 
Implantation Sample A Sample B SampleC SampleD Sample E 
2 days 
Polymorphonuclear leukocytes 


+++ 
[+++ 


Foreign body a: 

5 days 
leukocytes 
Fibrosis 
Mononuclear phagocytes 
Foreign body giant cells 

8 days 
Fibrosis 


H#+++ +4++H 


Mononuclear phagocytes. . 
Foreign body giant cells.. 
Lymphocytes 


| 
+l ++4++ 


Mononuclear phagocytes. . 
Foreign body giant cells.. 


Beryllium granulomas.. 
Granulomas, not typica’ 


Mononuclear phagocytes. 

Foreign body giant cells.. 

Lymphocytes 

Beryltium granulomas.. 

Granulomas, not typical 
1% mo 


+1 
| ++++4+ 
It 


Mononuclear phagocytes. 

Foreign body giant cells 

Lymphocytes 

Beryllium granulomas... 

Granulomas, not typical. 
2 mo. 

Fibrosis 

Mononuclear phagocytes... 

Foreign body giant cells 

Lymphocytes 

Beryllium granulomas 

Granulomas, not typical 


+++4++ 
L+++++ 


M®nonuclear phagocytes 
Foreign body giant cells 
Lymphocytes 

Beryllium granulomas 
Granulomas, not typical 


mo. 
Fibrosis 
Mononuclear phagocytes 
Foreign body giant cells 
Lymphocytes 
Beryllium granulomas 
Granulomas, not typical 
5 mo. 
Fibrosis 
Mononuclear phagocytes 
Foreign body giant cells 
Lymphocytes 
Beryllium 
Granulomas, not typical 
6 mo. 
Fibrosis 
Mononuclear phagocytes 
Foreign body giant eells 
Lymphocytes 
Beryllium granulomas 
Granulomas, not typical 
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L+++++ 
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+ indicates “slight” or “few.” 
*A specimen was not taken. 
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Fig. 3—Skin of pig two months after implantation of sample B. The particles of dust are 
collected into phagocytic cells; there are a few lymphocytes and minimal fibrosis. One multi- 
nucleated foreign body giant cell is clearly visible. (Hematoxylin and eosin; x 160.) 


Fig. 4.—Section through skin of pig two months after implantation of sample C. Granuloma 
comprised of connective tissue, lymphocytes, phagocytes and occasional giant cells of Langhans’ 


type. A structure which resembles a conchoidal body is present in one giant cell. (Hema- 
toxylin and eosin; x 160.) 
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nuclear phagocytes, giant cells of Langhans’ type and numerous lymphocytes (figs. 
4 and 5). Rarely, structures which resembled Schaumann bodies were observed 
within the lesions. 

The genesis of these lesions in pig skin differs from what occurs in man follow- 
ing accidental implantation of beryllium compounds in that, in reported cases of the 
latter, the laceration healed slowly and there was a tendency for the healed lacer- 
ation to open and discharge thick, semisolid, material. In this respect, however, 
it is considered possible that cutaneous granulomas have occurred in man following 
implantation of beryllium compounds under circumstances which have not led to 


Fig. 5.—Section through skin of pig two months after implantation of sample D. Granu- 
lomatous nodule in which reaction is similar to that induced by sample C (fig. 4). (Hema- 
toxylin and eosin; x 160). 


their coming to the attention of a physician. Specific granulomatous inflammation 
could conceivably occur in some persons lacerated by broken fluorescent lamp tubes 
without the skin subsequently opening and draining, and such lesions might well 
remain unrecognized. 

The incisions of pig skin and subcutaneous tissues into which the broken end of 
a glass rod had been inserted healed promptly, and after three weeks there was 
virtually no resultant reaction or fibrosis. Control implantations were not made 
“with dusts other than those described in this paper. The specific nature of the 
granulomatous reaction to beryllium phosphors differs so appreciably from lesions 
resulting from tissue reactions to silica that the use of control implantations of silica 
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was deemed unnecessary. Furthermore, Gardner® has stated that nonsiliceous dusts 
produce only transient inflammation of the skin and subcutaneous tissues after 
implantation and that the inflammation disappears after three or four days without 
ulceration. Since this work was reported before Gardner became interested in dusts 
of beryllium compounds, it is likely that his reference to nonsiliceous dusts was not 
meant to include compounds of beryllium. The work reported here has indicated 
that cutaneous implantation of beryllium oxide may induce appreciable granuloma- 
tous inflammation. 

It may also be worthy of note that the paucity of reaction to particles of metallic 
beryllium (sample E), as well as to beryllium oxide calcined at higher temperatures 
(sample B), serves as a control to prove that the reaction observed as a result of 
implantation of the materials which produce significant reactions is not simply a 
nonspecific response to foreign material. 


COMMENT 


Granulomatous lesions of the lungs in workers who had been exposed to com- 
pounds of beryllium were first recognized nearly 10 years ago; since then, there 
have been descriptions of granulomas of the dermis and of the subcutaneous tissues 
following implantation of phosphors containing beryllium and, in one instance, of 
fragments of metallic beryllium. Until recently, attempts to reproduce beryllium 
granulomas in laboratory animals have been unsuccessful. Vorwald ® reported that 
certain compounds of beryllium caused granulomatous inflammation, but he stated 
that the reaction was not identical with that observed in man. 


Granulomas of the lungs of rats similar to the nodules in human lungs have been 


reported more recently. This reaction was induced by intratracheal instillation of 
pure powder of beryllium oxide suspended in skimmed milk; in some instances the 
suspensions contained manganese dioxide in addition to the beryllium compound. 
It was stated by Davies and Harding,’ who did this work, that the best examples 
of granulomas occurred in animals that had been given a mixture of beryllium oxide 
and manganese dioxide. This fact led them to infer that manganese dioxide may 
have served to “reenforce” the effects of beryllium oxide. 

The fact that typical granulomas developed in the skin and subcutaneous tissues 
of pigs after phosphors had been implanted into these regions is further evidence 
that compounds of beryllium are related to such lesions. The reasons why pure 
metallic beryllium or beryllium oxide did not stimulate such a reaction in these 
animals are not known; one or more of several factors may be responsible, including 
variations in response of different species of animals, differences in the physical 
structure or chemical properties of the compounds or an augmenting effect of the 
zine oxide or the silica present in the phosphors. 


5. Gardner, L. U.: Pathology, Human and Experimental, in Silicosis Symposium held in 
connection with the Trudeau School of Tuberculosis at Saranac Lake, N. Y., June 18-22, 
1934, p. 32. 


6. Paper read at Sixth Saranac Symposium, Saranac Lake, N. Y., Sept. 29 to Oct. 3, 1947, 
in Vorwald, A. J.: Pneumoconiosis: Beryllium, Bauxite and Compensation, New York, Paul 
B. Hoeber, Inc., 1950. 

7. Davies, T. A. L., and Harding, H. E.: Beryllium Granulomata in the Lungs of Rats, 
Brit. J. Indust. Med. 7:70-72 (April) 1950. 
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Relative to the physical properties of the two samples of beryllium oxide, the 
reaction to sample A was considerably severer and more sustained than that 
to sample B; studies of solubility and electron microscopy have revealed that 
the rate at which beryllium oxide goes into solution is greater with samples 
that have been calcined at relatively low temperatures than with samples calcined at 
higher temperatures*; furthermore, the former seem to have a much greater 
surface: weight ratio than the latter.* 


SUMMARY 


Beryllium granulomas have occurred in the skin and subcutaneous tissues of 
pigs after implantation of phosphor powders which contain beryllium oxide. 

Nonspecific granulomas of foreign body type occurred in the tissues into which 
metallic beryllium or beryllium oxide alone had been implanted. 

Two different samples of powdered beryllium oxide, one of which was calcined 
at a relatively low temperature for a relatively short time as contrasted with the 
second, produced tissue reactions that differed greatly. The more extensive and 
protracted reaction was produced by the powder which had been calcined least. 


The electron micrographs were prepared by Mr. Francis W. Biship, Electron Microscope 
Laboratories, University of Rochester Atomic Energy Project. 


8. Hall, R. H.; Scott, J. K.; Laskin, S.; Stroud, C. A., and Stokinger, H. E.: Acute 
Toxicity of Inhaled Beryllium: III. Observations Correlating Toxicity with the Physico- 
chemical Properties of Beryllium Oxide Dust, Arch. Indust. Hyg. & Occup. Med. 2:25-48 
(July) 1950. 
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METEOROLOGICAL TECHNICS IN AIR POLLUTION SURVEYS 


MERRIL EISENBUD 
AND 


W. B. HARRIS 
NEW YORK 


5% Spee INDUSTRIAL hygienist is accustomed to being closely associated pro- 
fessionally with diverse scientific disciplines, and in the past his work has 
brought him into contact with many specialties in the life and physical sciences. 
Because of the increasing degree to which he participates in air pollution studies, 
it is now required that he learn to use some of the tools and technics of the 
meteorologist. 

One ordinarily thinks of meteorology as being concerned with the behavior of 
large air masses. In air pollution investigations we are usually interested in more 
localized meteorological phenomena, such as those which govern the rate at which 
a contaminant is diluted in the immediate vicinity of a stack. This discussion will 
be concerned specifically with the factors which affect the dilution of effluents 
discharged from stacks and thereby influence the concentration of a pollutant at 
ground level. 

Except for localities in which there are unusual topographical complications, 
the ground level concentration at a given distance from a stack of known height, 
emitting a pollutant at a known rate, can be approximated if a comparatively few 
meteorological data are available. 

In addition to wind speed and direction, atmospheric turbulence has an impor- 
tant influence on the pattern of ground level concentration. Atmospheric turbulence 
is quite variable and is governed largely by the vertical temperature gradient of 
the atmosphere. During the daylight hours, and particularly under a clear sky, the 
earth absorbs solar radiation more rapidly than the atmosphere, and the surface 
of the earth becomes warmer than the air above. Under these conditions, there is 
a linear decrease in temperature with height above the ground level. This vertical 
temperature gradient is known as the lapse rate. With a negative gradient, as 
normally exists during the daylight hours, the atmosphere is turbulent (unstable) 
and the dilution of a stack effluent is comparatively rapid. This condition is illus- 
trated in figure 1. 

Toward evening the earth and its atmosphere no longer receive significant 
amounts of solar radiation, and the heat which has been stored during the daylight 
hours is gradually lost by radiation back into space. Under these conditions the 
earth is losing heat more rapidly than is its atmosphere, and in the early evening 
hours the thermal gradient is apt to “invert” as the earth becomes cooler than the 
air above. The air is very stable during this period when the vertical temperature 

From the Health and Safety Division, United States Atomic Energy Commission, New 
York Operations Office. 

Presented at the Annual Meeting of the Smoke Prevention Society of America, Montreal, 
Ont., Canada, May 21, 1950. 
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gradient is positive, and an inversion is said to exist. There is little or no turbulence 
and virtually no dilution of the effluent. This condition is illustrated in figure 2. 

The mathematics of turbulent diffusion is complex. This discussion will not 
review the theoretical methods by which quantitative relationships governing the 
dilution of stack effluents have been developed, but we will see what these relation- 
ships are, and how they can be used practically in air pollution studies. One equation 
which has been developed by Sutton! on the basis of a combined theoretical and 
empirical approach has proved quite useful in the conduct of field investigations, as 


we shall show by several examples. 


Fig. 1—Unstable atmosphere. Note the rapid dilution of the effluent. (Negative 3-64-9, 
reproduced by permission of Brookhaven National Laboratory, Upton, N. Y.) 


The Sutton equation for the theoretical ground level concentration downwind 


of a stack is: i 


Cy 


where 


X = concentration at ground level (milligrams/cubic meter) 
Q = rate of emission from stack (grams/second) 
h = stack height (meters) 
« = distance from stack (meters) 
n = turbulence parameter 
Cy,Cz = diffusion coefficients 
u = wind velocity (meters/second) 


1, Sutton, O. G.: The Theoretical Distribution of Airborne Pollution from Factory 
Chimneys, Quart. J. Roy. Met. Soc. 73:257, 1947. 
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From this equation we find that the concentration at a given distance downwind 
from a stack is inversely proportional to the wind speed and to the square of the 
stack height. It will also be noted that this concentration is directly proportional 
to the rate at which the pollutant is emitted and that the concentration of pollutant 
at the stack is of no significance. 

The turbulence parameter n is an important factor which can vary from 0 to 1 
and depends primarily on the vertical temperature gradient. This parameter 


Fig. 2—Stable atmosphere (inversion). (Negative 2-201-9, reproduced by permission 
of Brookhaven National Laboratory, Upton, N. Y.) 


approaches unity under conditions of extreme inversion, and it approaches zero 
during conditions of maximum turbulence. The values of Cy and Cz are dependent 
on a number of variables, including n, local topography and stack height. 

The above equation gives the theoretical ground level concentration at the center 
of the plume downwind of the stack. This concentration is of minor practical 
significance, because the plume characteristically “snakes” back and forth within 
a conical volume whose dimensions are a function of Cy and Cz. A sample taken 
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downwind of the stack for about an hour or more will not yield the maximum con- 
centration at the point but data which are more nearly the average value across 
the cone. 

For general usefulness, it is possible to substitute values of n, Cy and Cz which 
Sutton has proposed as being applicable for “average conditions.” In most localities, 
the average temperature gradient over an extended period will not vary markedly 
from the neutral condition (zero lapse rate). It is thus possible to predict long term 
average downwind concentrations by making calculations based on this assumption. 
In our studies, we have not had occasion to be concerned with momentary fluctua- 
tions of concentration, but rather with average concentrations over a period of time. 
For the latter type of problem, we have found the Sutton equation to be quite useful. 

In several localities which we have studied, the measured concentrations have 
been less than the predicted concentrations by as much as a factor of 5. This dis- 
crepancy is consistent with the fact pointed out above, that an air sampler located 
downwind of the stack more nearly measures the average concentration across the 
plume than the theoretical maximum at the plume core. Thus, while this equation 
cannot be used for precise estimates of concentration, it is useful in estimating the 
order of magnitude of pollution to be expected. 

For estimating the ground level concentrations under average meteorological 
conditions, we have used the value m = 0.25 and the values of Cy and Cz as given 
in table 1. 


Taste 1—Values of Cy, Cz Proposed by Sutton: for Average Meterorologic Conditions 


Height of Source 
Above Ground, M. Value of C 
0. Cy = 0.21; Cz = 0.12 


Substituting in equation 1: 
From which it can be shown that the maximum concentration downwind of the 
stack will be: 
(3) 
and that this concentration will occur at: 
0.57 
Xmax = (2) (4) 
Figure 3 presents equation 1 in graphic form for stacks of various heights. 
These curves were drawn from data given by Sutton.1 The marked influence 
of stack height on the maximum concentration is quite apparent, and it is seen that 
the maximum concentration occurs at distances of 15 to 30 stack heights. 
For distance beyond the maximum concentration, the expotential factor in 
equation 1 approaches unity and the equation may be written: 


2000 Q 


This equation suffices for many purposes. 
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Sutton’s equations were intended for gaseous effluents but may be applied to 
particulate emissions in which the particle sizes are of hygienic significance. Studies 
by Baron, Gerhard and Johnstone* show that even for aerosols with particle 
diameters up to 20 to 50 microns the shape of the Sutton curve is not significantly 
affected. 

FIELD APPLICATIONS OF SUTTON EQUATIONS 


ExampLe 1.—One of our plants is located in a highly industrialized area. In 
common with a number of others, it processes material A, some of which is emitted 
to the atmosphere. There were complaints of air pollution, and it was necessary to 
determine whether our plant’s emissions were contributing significantly to the pollu- 
tion that was known to exist. 


METER) 


0 100. 1000 10000 

DISTANCE (METERS) 
Fig. 3.—Calculated concentration downwind from stacks of various heights (after Sutton !). 
= 1 Gm./sec. « = 1 M./sec. 


Our general approach was to collect simultaneous samples from our plant stacks 
and from three locations within 1 mi. downwind and one location upwind of the 
plant. If significant contamination was resulting from our operations, the following 
should be true: 


1. The concentrations of material A collected downwind of the stack should 
approximate those predicted by equation 1. 

2. Variations in concentrations downwind of the stack should correlate with 
variations in the rate of emission. . 

3. The concentrations at distances greater than 10 stack heights from the plant 
should diminish approximately in proportion to the —1.75 power of distance. 


2. Baron, T.; Gerhard, E. R., and Johnstone, H. F.: Dissemination of Aerosol Particles 
Dispersed from Stacks, Indust. & Engin. Chem, 41:2403, 1949. 
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SURVEYS 


However, it was anticipated that in the event our findings were negative, the 
data could be challenged because : 

1. The validity of Sutton’s equation had not been demonstrated conclusively. 

2. If the equations were valid, there would be no assurance that our sampling 
positions were located directly downwind of the stack. 

In order to conduct our survey in such a way that these very proper objections 
could be met, if raised, we took advantage of the fact that although many plants in 
this vicinity emitted material A, our process was unique with respect to one sub- 
stance, material B, which was being emitted from the same stacks that were 
discharging material A. We therefore planned to make simultaneous measurements 
of both materials A and B. If the data for material B met the criteria established 
above, then we would have corroboration of the Sutton equations, at least for the 
test period. The fact that our sample stations were located properly, downstream 
of the stack, would likewise be verified. 

The tests were conducted over a period of six days, during which samples were 
collected only during the daylight hours. A portable wind vane and anemometer 
were installed on the roof of the plant, as was equipment for stack sampling. Three 
vehicles were equipped with air sampling equipment, and intercommunication was 


TABLE 2.—Atmospheric Concentrations 


Approximate Correlates Fall-Off at 
h 


Theoretical wit Theoretical 
Material Concentrations Stack Output Rate 
A (emitted from our plant and several others).... No No No 
B (emitted from our plant only).................605 Yee Yes Yes 


made available by handie-talkies.° The vehicles were deployed downwind of the 
plant at approximately 1,000 ft. (305 M.) intervals. One hour samples were col- 
lected simultaneously from the stacks and from the three mobile sample positions. 
During this study a total of 34 one hour sampling runs were made. 

Statistical analysis of our data indicated that all the above criteria were satisfied 
for material B. The concentrations of this material when standardized for uniform 
wind velocity showed an excellent correlation with stack output. The magnitude 
of these concentrations was approximately 4 of the amounts predicted by equation 
1. These concentrations diminished with distance from the plant, and the rate of 
fall-off approximated Sutton’s prediction. 

In contrast, the data for material A satisfied none of the above criteria. The 
concentrations measured were approximately 100 times those predicted by theory. 
The variation in concentrations was random and not related to distance from the 
plant or to variations in stack output. 

Table 2 summarizes our comparative findings. 


ExampLe 2.—JIn an earlier report*® we and our colleagues described an 
episode in which the appearance of chronic pulmonary granulomatosis was found 
to be quantitatively related to air pollution originating from a beryllium-producing 
plant. 


3. Eisenbud, M.; Wanta, R. C.; Dustan, C.; Steadman, L. T.; Harris, W. B., and 
Wolf, B. S.: Non-Occupational Berylliosis, J. Indust. Hyg. & Toxicol. 31:282, 1949. 
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This study is an excellent example of the application of Sutton’s inethod of 


estimating dilution by the theory of turbulent diffusion. Disease among residents of 


the community occurred only within 34 mi. of the plant. It was important to esti- 
mate the average concentration of beryllium at 34 mi., since this concentration was 
the lowest which had produced known cases of disease, and knowledge of its magni- 
tude would therefore be useful in setting a maximum permissible concentration in 
the vicinity of a producing plant. The problem of estimating this 34 mi. concentra- 
tion was complicated by the fact that the only available air samples taken in the 
vicinity of this plant were collected at distances somewhat less or greater than 34 mi. 


Lo 


y 


CONCENTRATION (MICROGRAM PER CUBIC METER) 


1000 0000 
DISTANCE FROM PLANT (FEET) 


Fig. 4.—Comparison of continuous sampling data with data obtained by theory. Squares 
represent measured concentrations; triangles, measured concentrations standardized to equal 
frequency of all wind directions. The line (——) represents calculated concentrations 
(Sutton '). 


Figure 4 summarizes these data and shows that the measured concentrations 
when standardized for uniform wind velocity and corrected by a factor based on the 
frequency of winds in the direction of the sampling stations are in fair agreement 
with Sutton. From these data it was possible to approximate the 34 mi. concentra- 
tion and therefrom establish a bench mark for the safe operation of future beryllium- 
producing plants. 

ExampLe 3.—Continuous atmospheric monitoring of the vicinity of a stack 
presents the problem of how to obtain with a minimum number of sampling stations 
enough data to provide information about atmospheric concentrations at ground 


4 

; 

q 

i j 

| 
WY 
4 
| 

q 
¢ 4 
1 
q 

4 
4 

| 
| | 

i 


EISENBUD-HARRIS—AIR POLLUTION SURVEYS 97 


level anywhere in the plant’s vicinity. We have found that adequate data can be 
obtained with a maximum of economy by the continuous operation of three air 
sampling stations alined from the stack at approximately 1,000 ft. intervals. 

It is preferable, but not necessary, that the stations be alined downwind from 
the plant in the direction of maximum wind frequency. In addition to these sampling 
stations, equipment for continuous reporting of wind direction, wind speed and 
vertical temperature gradient should likewise be installed. 

At monthly intervals the average concentrations at the air sampling stations 
can be summarized, and with the information on wind conditions and lapse rate 
available, it is possible to estimate the average monthly concentration at any point 
in the vicinity of the plant. We are applying this technic only where average con- 
centrations are of interest. In dealing with contaminants that are capable of pro- 
ducing acute effects, the average concentration is frequently of less significance than 
variations which produce peak concentrations of short duration. The technic is not 
suitable in a situation of this kind. 

SUMMARY 


The various meteorological factors influencing air pollution, such as stack height, 
distance from the stack, wind speed and atmospheric turbulence, are reviewed. A 
brief discussion is given of the mathematics of turbulent diffusion as covered by 
Sutton, together with average values of the parameters. From this mathematical 
treatment, the simple equations for estimating maximum ground level downwind 
concentration and its distance from the effluent stack are also presented. The authors 
have conducted air pollution surveys at various plants and have presented in this 
discussion a brief résumé of three separate applications demonstrating the value of 
these equations to the industrial hygienist. 
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New Instruments and Technics 


A MODIFIED AIR SAMPLER EMPLOYING FIBERGLAS® 


F. W. SEHL 
AND 


B. J. HAVENS Jr. 
HARTFORD, CONN. 


Although glass wool has previously been used as a filtering medium for air sampling to 
determine air-borne particulate matter, the equipment employed has not been entirely satisfactory 
for industrial use. The Crismon dust sampler is used for a gravimetric determination of dust. 
It contains metal parts and would not be acid resistant. Keenan and Fairhall 2? developed a glass 
wool filter to establish the relative efficiency of the impinger and the electrostatic precipitator, 
but it is not practical for field work. Our modified sampler employs glass wool, with a controlled 
packing density. It is acid resistant, will’retain fumes as well as dust, and is not cumbersome. 

Several shapes of tubes were tried out. The one adopted gave the air flow desired and per- 
mitted easy recovery of the fumes, was rugged, yet light in weight, and could readily be connected 
to a vacuum pump. A definite weight of glass wool (fiberglas®), packed to a certain density, 
was found necessary to give the filtering efficiency desired and allow for a reasonable factor 
of safety. 

The modified sampler is simple, inexpensive and can be assembled from equipment easily 
available. Two porcelain filter plates—size 4—are ground down to fit a filter tube—crucible 
holder, inside diameter 25 mm. A size 4 filter plate was chosen because the perforations are 
1 mm. in diameter, which will permit the desired air flow. The filtering medium is pyrex® brand 
wool filtering fiber, catalogue no. 800, a product of the Owens-Corning Fiberglas Corporation 
and made for the Corning Glass Works at Corning, N. Y. The fibers are of near microscopic 
fineness (diameter, approximately 0.0002 in. to 0.0003 in.) and are strong, resilient, soft and 
pliable. They are manufactured from a borosilicate glass containing no heavy metals. This pyrex® 
wool is free from organic matter and can he tightly packed to offer excellent filtering efficiency. 
It is obtainable from chemical supply houses. 

Three grams of this glass wool is tightly packed between two filter plates within the filter 
tube. The air inlet consists of a flared glass tube. A cork is so adjusted on this tubing that when 
it is seated in the filter tube, the flared end of the air inlet compresses the fiber to approximately 
24 mm. This will give a packing density of about 0.26 cm. per cubic centimeter. When assembled 
in the above manner, illustrated in figures 1 and 2, the air flows through the sampler at a rate 
of approximately 1 cu. ft. per minute at a vacuum of 5 in. (127 cm.) of mercury. 

The efficiency of the new sampler was determined by taking air samples of varying concen- 
trations of freshly prepared ammonium chloride fumes. These fumes were produced in two ways— 
by heating the salt in a casserole on a hot plate and by mixing ammonia and hydrochloric acid 
gases. The air samples were taken in the laboratory hood directly in the path of the fumes. 
Sampling was accomplished within one or two seconds after the fumes were produced. The 
exhaust fan on the hood was operating continuously. The tests were run by placing the improved 
sampler in series with, and ahead of, a sampler employing no. 50 Whatman filter paper. The 
chloride determinations were made by titration; using a 0.01 normal silver nitrate solution with 
a chromate indicator. The results of these tests are given in table 1. 


From the Aetna Casualty & Surety Company. 

1. Farr, R. S.; Pauley, W. N., and Crismon, K. A.: An Improved Test Method for Rating 
Air Filters, Am. Soc. Heat. & Ventil. Engin., Journal Section, Transactions, Feb. 1948, p. 1. 

2. Keenan, R. G., and Fairhall, L. T.: The Absolute Efficiency of the Impinger and of the 
Electrostatic Precipitator in the Sampling of Air Containing Metallic Lead Fume, J. Indust. 
Hyg. & Toxicol. 26:241 (Sept.) 1944. 


3. Silverman, L., and Ege, J. F., Jr.: A Filter Paper Method for Lead Fume Collection, 
J. Indust. Hyg. & Toxicol. 25:185 (May) 1943. 
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The results indicate that the new sampler has an efficiency of practically 100 per cent on 
ammonium chloride fumes. It is thought that it can be made equally efficient for almost any 
dust or fume—in fact, any particulate matter. This can be accomplished by increasing the height 
of the column and holding the density constant; or by increasing the density. Its use is neces- 
sarily limited to those cases in which analytic procedures are available for the determination 


| Air Inlet 


Glass Tubing 
0.D. 14mm. 


I. D. 25mm. 
Filter Plate (perforated) 
Glass Wool 
Filter Plate (perforated) 


To Vacuum 


Fig. 1—Diagram of the air sampler. 


Fig. 2—The air sampler ready for use. 


of the substances in question. It cannot be used successfully for pneumoconiosis-producing 
dusts, because they cannot be separated from the filtering medium for counting purposes. 

Air samples of freshly prepared lead oxide fumes were taken to determine whether the 
improved sampler would retain these fumes. This was done by placing the sampler in series 
with, and ahead of, another sampler employing no. 50 Whatman filter paper. A second series 
of tests was made with two of the improved samplers in series. The lead oxide fumes were 
prepared by heating metallic lead in an open ladle under an exhausted hood. In each case the 
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fumes were sampled within one or two seconds after they were produced. The lead oxide fumes 
were removed from the improved sampler with 25 cc. of hot nitric acid (1:1) and from the filter 
paper with a 10 per cent hot acetic acid solution. The lead was recovered as a chromate and 
determined colorimetrically with diphenylcarbazide. 

It will be noted in table 2 that some of the results indicate a trace of lead in the second 
sampler. The amount is less than 0.1 mg. of lead calculated on the basis of a 10 cu. m. air sample. 
Our conclusion is that the improved sampler is satisfactory for lead oxide fumes. 


It is suggested that when sampling heavy concentrations of dust or fume, the top filter plate 3 
be removed. The reason for this is indicated in the vacuum gage readings for samples no. 1, 2 
and 3 in table 1. This difficulty was overcome when a ball float type flowmeter was used. This 


TaBLe 1.—Efficiency Tests of New Sampler 


Mg. NH«Cl Fume 


per 10 Cu. M. 
Sampling Vacuum, In. Hg. (Cm. Hg.) 
Air Flow, Time, Filter 2&tna Filter Efficiency, 

Sample * C. F. M. Min. Plates Start End Sampler Paper % 

1 0.2 20.0 2 6.50 (16.5) 7.25 (18.5) 404.0 ll 99.7 

2 0.94 20.0 2 6.50 (16.5) 8.00 (20) 582.4 11 9.8 

. 3 0.89 20.0 2 6.75 (17) 8.00 (20) 148.4 0.0 100.0 

4 0.90 20.0 1 6.25 (16) 6.25 (16) 240.3 0.5 98 

5 0.91 20.0 1 6.25 (16) 6.75 (17) 842.5 2.2 99.7 

. 6 0.87 20.0 1 6.50 (10.5) 7.00 (17.8) 194.1 0.5 99.7 
7 0.87 20.0 1 6.25 (16) 6.25 (0) 6.5 0.0 100.0 5 
8 0.89 20.0 1 6.25 (16) 6.25 (16) 17.0 0.0 100.0 : 


* Samples 1 to 6, inclusive, were heated ammonium chloride; samples 7 and 8 represented a mixture of gases. 


TasBLe 2.—Results of Tests for Retention of Lead Fumes * 


Mg. Lead per 10 Cu. M. 
a. 


Second 
Filter #tna 
Sample Sampler Paper Sampler 


* Air flow, 1 ¢. f. m.; sampling time, 17.6 min. 


type of flowmeter actually measures air flow rather than vacuum, and a bleed valve can be 
adjusted to compensate for any plugging effect caused by heavy fumes. 


CONCLUSIONS 


The new air sampler is a practical and efficient device for the determination of air-borne 
dust and especially fume. Soluble dust and fume may be easily and completely removed from 
the filter and determined by any analytic procedure desired. The materials used in the sampler 
contain no organic matter and, therefore, present no analytical difficulties arising from this 
source. The sample does not have to be transferred to another container—it can be sealed 
immediately after the sample is taken, so that there is no chance of loss or contamination. Being 
rugged, and a dry sampler, it presents no special difficulties in shipment. It may be used either 
vertically or horizontally. It is recommended for use by industrial hygienists for the determina- 
tion of air-borne non-pneumoconiosis-producing toxic particulate matter. 
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Abstracts from Current Literature 


Physiology and Nutrition 


THe SATuRATION CURVE OF BENZENE IN BLoop. J. TEISINGER and St. SKRAMOV- 
sky, Arch. d. mal. profess. 8:257, 1947. 


Five milliliters of blood was exposed to a mixture of air and benzene vapor at 
various pressures in a rotating cylinder at 37 C. for 0.5 hr. The benzene contained 
in the blood was carried into 0.5 ml. of nitrating mixture (equal volumes of con- 
centrated H:SO, and fuming HNOs, d. = 1.52) by a current of air at the rate of 
0.6 L. air/hr. for 3 hr. Similarly the benzene remaining in the air of the saturation 
apparatus was nitrated. The amount of dinitrobenzene produced was determined 
polarographically. The ratio of benzene in blood to benzene in air was nearly 
constant over the experimental range of pressures, averaging 7.76. Benzene is 
somewhat more soluble in blood than in water. J. H. W. [Cuem. Ansre.]. 


UnpETECTED BonE LESIONS IN WoRKERS UNDER RAISED ATMOSPHERIC PRESSURE. 
CavIGNEAUX, CHARLES, Fucus and Tara, Arch. d. mal. profess. 10:359, 1949. 


Radiographic examinations of 125 workers who had ceased work in compressed 
air were made to detect the presence of gas embolism in the bones, the epiphyses 
about the shoulders, hips and knees. In 38 of these men abnormalities were 
discovered: areas of rarefaction in some of the bones, areas of condensation 
in others, and in some a combination of both. It is stated that these lesions have 
not hitherto been described, that they are indisputably caused by gas embolism 
and that further investigations will be undertaken to determine the exact cause, 
the nature of the gas involved and the influence of the workman's environment. 


CoNDENSED FROM Brit. J. INpust. MEp. 


HemocLosin Levets or’ WorKeErS IN PoLanp, 1948. E. Patucu, K. Mrozowski! 
and S. Poppesniak, Pracoyni Lékaystvi 2:1, 1950. 


The authors carried out in the second quarter of 1948 a control determination 
of hemoglobin levels in workers of Lédz, Poland, following a similar investigation 
in the years 1946-1947. In addition to this group the determination of hemoglobin 
levels was carried out on a group of 4,608 persons, male and female, in a rural 
area in the district of Opoczym. For the evaluation of hemoglobin a method 
involving alkaline hematin with a known content of iron was used. Colorimetric 
determinations were carried out on a Klett apparatus. 

The investigations showed (1) a rise in the hemoglobin levels of all groups of 
workers of 16 to 26 per cent as compared with the levels found in 1946-1947; (2) 
a decrease in the number of anemic persons to a few per cent, compared with the 
previous finding of more than 50 per cent of anemic persons; (3) absolute hemo- 
globin levels in textile and metal workers and in farmers identical with the find- 
ings of Clegg and King for the respective groups in England in 1943. 

The authors conclude that the improvement of the hemoglobin levels was achieved 
by reducing the extreme deficiency of foods of animal origin in the workers’ diets. 


ADAPTATION OF AUTHORS’ SUMMARY. 


Occupational Diseases and Hazards 


STANNIC Oxipe Pneumocontosis. C. C. DuNvon and J. P. Hucues, Am. J. 

Roentgenol. 63:797 (June) 1950. 

Dundon and Hughes present the case of a man aged 72 in whom carcinoma 
of the prostate was discovered. 

An unusual roentgenographic chest condition consisting of uniform mottling 
of both lung fields by discrete, fine, dense shadows was encountered on a routine 
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hospital admission film in 1948. There were no respiratory symptoms. Vital 
‘capacity was 85 per cent of normal. A history of being exposed to dust and fumes 
from a detinning furnace for a period of eighteen years was obtained, this exposure 
having terminated in 1930. 

Permission for postmortem examination was limited to thorax and abdomen. 
The microscopic appearance of the lungs was that of moderate anthracosis. There 
was no necrosis, nor nodular fibrosis, of parenchyma or lymphoid tissue. On a 
roentgenogram of a thin slice of lung there were dense perivascular, peribronchial 
and subpleural shadows. Microincinerated sections examined under polarized 
light disclosed compact accumulations of bright yellowish brown particles at these 
sites. The particles were soluble in hydrochloric acid in the presence of powdered 
zine and gave a positive spot test for tin. Spectrographic analysis disclosed abnor- 
mally large amounts of tin in the lungs. By roentgen ray diffraction analysis of 
dried lung tissue powder, a pattern identical with that of stannic oxide (SnO:) 
was obtained. The lungs contained 1.46 per cent stannic oxide dry weight, and 
the ash was composed of 13.4 per cent stannic oxide. The silica content of lungs 
and lymph nodes was normal. 

The authors arrive at the following conclusions: 1. Stannic oxide when inhaled 
for long periods is productive of benign, symptomless pneumonoconiosis with no 
significant pulmonary fibrosis. 2. Stannic oxide is radiopaque. Particles accumu- 
lated in the regions of perivascular, peribronchial and subpleural lymphatics are 
productive of sharp shadows on the chest roentgenogram. These shadows are not 
cast by foci of fibrous tissue. 3. Tin deposited in the lungs in this form is nontoxic 
systemically. 4. Analytic and microincineration studies are necessary to differ- 
entiate this condition from simple anthracosis. 


Tue RoENTGENOLOGIC ASPECTS OF ANTHRACOSILICOSIS, 


sylvania M. J. 53:505 (May) 1950. 


According to Corcoran, the term “anthracosilicosis” is applied to a form of 
pneumonoconiosis commonly called miner’s asthma. It is a chronic disease due 
to breathing air containing dust generated in the various processes involved in 
the mining and preparation of anthracite coal. It is characterized anatomically by 
generalized fibrotic changes throughout both lungs with the presence of excessive 
amounts of carbonaceous and siliceous material, usually by compensating emphysema 
and often by cardiac changes in the later stages of the disease. 


W. J. Corcoran, Penn- 


The first stage consists of a bilateral peribronchial and perivascular fibrosis. 
A diagnosis cannot be made in the first stage. The second stage consists of nodule 
formation, and this gives the most characteristic appearance of the disease. The 
nodules are uniformly distributed throughout each lung. When the nodules begin 
to coalesce and there are conglomerate areas in the lungs, the third stage has been 
reached. The author believes that infection plays a part in conglomeration and 
is the major cause of disability. It has been Corcoran’s experience over 25 years 
that when a person has been exposed to a silica hazard, from five to seven years 
elapse before any distinctive changes can be seen on the roentgenogram. 

While changes are going on in the lung there are changes coincidentally in the 
mechanics of the chest. The accompanying emphysema gives a darker appearance 
to the lungs, the interspaces are wider, the costophrenic angles are deeper, and 
because the chest is approaching a state of fixed inspiration, the heart shadow is 
smaller than average in the majority of cases. 

Carcinoma of the lung is no more common in patients with anthracosilicosis 
than in people who are not afflicted with this disease; likewise tuberculosis is not 
more common in these patients before the age of 50, but after 50 years of age 
patients with anthracosilicosis have a higher incidence of tuberculosis than has the 
general population. 
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MANGANISM IN THE MINES oF FRENCH Morocco. J. Roprer and M. Ropter, 
Bull. Inst. d’hyg. Maroc 9:3, 1949. 


According to the Rodiers, manganese is distributed widely in Morocco and 
constitutes an important part of the wealth of the subsoil of Morocco. Production 
of manganese is carried out in seven mines; the three largest of them, in Bou Arfa, 
Imini and Tiouine, furnish 87 per cent of the total production. These three mines 
employ 740, 800 and 350 workers, respectively. Only 28 cases of nervous manganism 
were traced among the workers employed in these mines. Thus the incidence of 
manganism is low in Morocco, but it is still important when compared with the 
total number of 250 cases reported in the international statistics. In addition to 
these proved cases, there are incontestably a more considerable number of cases 
of premanganism characterized by functional disturbances in the absence of 
objective signs of intoxication. 


Observations made on the 28 patients corresponded with the classic descriptions. 
The clinical syndrome of the toxic condition occurring in persons who work with 
manganese is characterized at its onset by disturbances which are of a subjective 
character: cephalalgia, asthenia, hypersomnia, vertigo, spasms in the legs and 
lumbar pain. Later on there appear disturbances of gait and of speech, tremor 
and a masklike expression. Muscular hypertonia, predominantly of the extensor 
muscles, is the essential dominant symptom. The disease, when once established, 
does not recede. 


From the biologic point of view observations were as follows: The manganemia 
among the authors’ patients and among those who had been in contact with the metal 
varied considerably. The classic polyglobulism due to manganese was not observed 
by the authors, but the patients presented an inverted leukocyte count with a 
pronounced increase in the number of lymphocytes. There was no constant increase 
in coproporphyrinuria, but the percentage of increased coproporphyrinuria was of 
considerable importance among the patients. There seemed to occur a disturbance 
of sulfur metabolism, but these observations should be verified in further studies. 

The lungs play an important part as a route by which the poison spreads within 
the organism. The elimination of the manganese is very slow. It is effectuated 
largely by the bile and the feces. There is practically no urinary elimination. 

Manganese poisoning is intimately linked with the copiousness of the mineral, 
with its degree of oxidation, with the size and the shape of the dust particles, 
with the specific work for which the workers are employed and with the methods 
of exploitation. The work in the mines of Imini and Tiouine is associated with ; 
the greatest risk because of the simultaneous occurrence of several of these factors.. : & 

In general, the means of protection, whether individual or collective, are + 
insufficient at the present time. Prophylactic measures are recommended which, 
should be based on medical and laboratory control, including leukocyte count, 
determination of manganemia and of coproporphyrinuria, and on technical measures. 
aimed at combating the dust. 


TREATMENT OF SILICOTIC PNEUMONOCONIOSES. 
méd. 58:589 (May 27) 1950. 


According to Hanaut and Roche, there is no specific treatment for. silicotic: 
pneumonoconioses. Prevention of these occupational diseases presents the only: 
effective type of treatment. 


A. Hanaut and L. Rocre, Presse: 


Symptomatic treatment of silicosis not complicated by catarrhal bronchitis, . 
tuberculosis or heart disease, as well as preventive and curative treatment of these - 
complications, is of considerable importance for the prolongation of life of silicotic 
patients and for alleviating their suffering during the last stages of the disease. . 

Dyspnea frequently may be the only symptom of uncomplicated silicosis. Its 
physiopathological mechanism is still unknown, but disturbed respiratory functions 
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seems to play an important part, and alterations in the maximum breathing capacity 
may be observed in the early stages. The authors believe that repeated and pro- 
longed use of powerful sympathomimetics such as epinephrine and isopropyl 
epinephrine may in the long run aggravate the dyspnea and may precipitate the 
progress of asphyxia. Several applications of a nebulized 2 or 3 per cent ephedrine 
solution or ephedrine combined with theophylline may be given for a short time 
in the initial stage to young patients with mild or paroxysmal dyspnea, provided 
that spirographic recordings reveal that the disturbed ventilation is sensitive to 
this treament. Inhalation therapy with theophylline aerosol (3 to 5 per cent 
concentration) is the treatment of choice for prolonged use in more severe dyspnea, 
and oxygen is the only remedy for grave dyspnea. 

The general condition of the silicotic patients should be watched carefully. 
Smoking and drinking of alcoholic beverages should be forbidden. Rest cures in 
a hot and dry climate have a favorable effect on silicotic patients, but experience 
showed that this effect did not last when the patients returned to their former 
residence. In addition, the silicotic miner was not able to resume his hard physical 
work, because he was no longer used to it. Great efforts should be made to keep 
the silicotic at work in his own occupation without exposing him to dust hazard. 
Specialists and efficient laboratories are required to decide on the right time, when 
it may not be too early and not too late, to make a half-invalid of an active workman. 

Catarrhal bronchitis may be associated frequently with silicosis. Its treatment 
is deceptive. “Atropine in aerosol form or by injection is not well tolerated, and 
irrigation with epinephrine solution under bronchoscopy proved ineffective. Sup- 
purative bronchitis may respond well to the inhalation therapy with 50 to 200,000 
units of penicillin dissolved in 4 cc. of isotonic sodium chloride solution administered 
two to four times per day. Otorhinolaryngological control of silicotic patients, by 
a specialist, is indispensable in order to prevent bronchial infections. 

Pulmonary tuberculosis supervening on mild silicosis must be differentiated from 
silicotuberculosis, in which pulmonary tuberculosis is associated with far advanced 
silicosis. Medical collapse therapy may be effective in the absence of cavities in 
cases of the first type. Treatment is limited to alleviating the suffering of the 
patient in cases of the second type. 

Concerning the treatment of heart disease complicating silicosis, the authors 
emphasize that the pneumonologist, not the cardiologist, should be called on to 
treat asystole of cor pulmonale. Oxygen is the only remedy for asphyxia. 


Deposits oF CALctUM CARBONATE CRYSTALS IN CONJUNCTIVA FOLLOWING CARBIDE 
Corrosion. E. Hernsrus, Klin. Monatsbl. f. Augenh. 115:673, 1949. 


Heinsius points out that the question of early surgical transplantation versus 
conservative treatment is still not definitely decided in cases of carbide corrosion 
of the conjunctiva. Following a review of earlier contributions on this problem, 
the author reports observations on two patients who had sustained carbide corrosion 
while working. The necrotic part of the conjunctiva was removed and was replaced 
with mucous membrane from the lips. Histologic examination of the necrotic 
conjunctiva revealed deposits of crystals of calcium carbonate. The author also 
describes experiments on rabbit eyes, and in explaining the presence of crystals of 
calcium carbonate, he says that on contact with water carbide separates into 
acetylene and calcium hydroxide and that the latter, in turn, on exposure to air 
decomposes into calcium carbonate which is not injurious to the tissues, so that 
the corrosive action must be due to the calcium hydroxide. The form of the 
deposits of calcium carbonate suggests that the calcium hydroxide penetrated the 
conjunctiva and there was transformed by carbon dioxide into the insoluble 
carbonate. 

The author feels that whenever carbide causes second and third degree corro- 
sions the therapeutic rule established by Denig and Thies should be followed; that 
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is, the damaged conjunctiva should be excised and replaced by labial mucosa. 
Léhlein, however, advises only excision of the damaged conjunctiva, pointing out 
that transplantation of labial mucosa has been known to be followed by the 
sprouting of vessels into the cornea; he advocates that after excision of the 
damaged conjunctiva, spontaneous granulation and epithelization should be awaited. 


TUBERCULOSIS OF TENDON SHEATHS AS AN OCCUPATIONAL Disease. L. HOLSCHER, 
Monatsschr. f. Unfallh. 53:97 (April) 1950. 


Hdlscher presents observations on two butchers in whom tenosynovitis developed 
after they had handled meat from cattle infected with tuberculosis. Both men had 
been well before; at any rate, they had had no pulmonary disturbances. Both 
of them worked in the same slaughterhouse, where tuberculous cattle had been 
handled. 

In one of the men the flexor surface of the middle finger of the left hand was 
painful and swollen; in the other man the right index finger was involved. 

To verify the diagnosis, a biopsy specimen was obtained from the sheath of the 
flexor tendon. Microscopic studies revealed in both instances tuberculous granula- 
tion tissue in the tendon sheath. Treatment consisted in extirpation of the tendon 
sheath. 

The literature indicates that tuberculous tenosynovitis nearly always develops 
by the hematogenous route. The author feels that it can be regarded as an 
occupational disease when a trauma has caused tuberculous infection of the tendon 
sheath or when tuberculosis of the skin which resulted from accidental inoculation 
of tuberculous material has spread to the tendon sheath. Since neither of these 
two modes of tuberculous infection could be proved in the aforementioned two 
cases, an occupational origin might have to be rejected. However, the author 
cites factors which suggest a direct percutaneous mode of infection for both of € 
these cases of tuberculous tenosynovitis, and on this basis he accepts them as of 
occupational origin. 


Acute SiLicosis FRoM Rock Excavation. F. LANG and R. ZoLtincer, Ztschr. f. 
Unfallmed. u. Berufskrankh. 42: no. 2, 122, 1949. 


During recent years in Switzerland many persons have presented severe silicosis 
after short periods of exposure and comparatively short latent intervals. Of the 
24 patients described in this article, 14 have died and the remaining 10 show various 4 
degrees of disablement. Only four of the miners were over 40 when first employed; : e 
the average age of the others was 26. The excavation was undertaken in a gallery : 
composed of a coarse sandstone, or breccia, and a sandy shale. There were veins 5 
of crystalline quartz in both rocks. All 24 men worked under such conditions as 
thick dust, bad ventilation, dry drilling, inadequate respirators and a ten hour day, 
six work days per week. Their exposure under these conditions was from nine i 


months to three years, average 15 months. In laborers working at a distance from 
the drillers and hence exposed to lower concentrations of dust silicosis developed 
more slowly and less severely than in the drillers. ’ 
ADAPTED FROM Hye. 


THE INFLUENCE oF Dust oN THE HEALTH oF WoRKERS IN PorTLAND CEMENT 
Prants. K. Kapiec and J. Vysxkocit, Pracovni Lékarstvi 2:9, 1950 


In a cement plant the workers who had been employed in dusty atmospheres 
for at least seven years, 104 in this plant, were examined. The clinical examinations 
were carried out with respect to the probable damage that might have been 
caused by the dusty atmosphere. All the workers were examined fluoroscopically 
and 50 of them, who had been employed for many years, sciagraphically as well. 
Aliso, mechanical values of the function of the lungs were measured by means 
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of a spirograph, with a modification of Volhard’s method. Interpreting the 
results of clinical and functional examinations, the authors say that after an 
even shorter time of occupation the dusty atmosphere to which the workers 
are exposed results in conjunctivitis and nasopharyngitis; both these diseases have 
been found in the majority of all examined workers. In 10 cases peptic ulcer 
and in 33 cases chronic gastritis were dectected; 75 cases were diagnosed as 
bronchitis and 21 as pulmonary emphysema. Here the authors add that the last 
two diseases were found more frequently among workers employed for many 
years. Chronic eczema was found in the latter group of workers. ; 


ADAPTATION oF AUTHORS’ SUMMARY. 


Dermatitis DuE To TURPENTINE O1L. G. LeyHANcovA, Pracovni Lékafstvi 2:73, 
1950. 


Of 262 cases of occupational dermatitis, 78 (30 per cent of contact dermatitis) 
were found to be due to turpentine oil. The chemistry and pharmacology of turpen- 
tine oil are discussed, and its action on the skin is analyzed. The importance of 
early diagnosis is stressed. This makes the taking of an exact personal and 
occupational case history essential, as well as the carrying out of epidermal tests 
in all cases of eczema. Contrary to previous statements in the literature, good 
results were obtained in the treatment of contact dermatitis due to turpentine oil 
through specific desensitization, with turpentine oil given parenterally in increasing 
doses. 
The importance of preventive measures is stressed. 


ADAPTATION OF AUTHOR’S SUMMARY. 


Industrial Toxicology 


Succestep MaximuM ALLOWABLE CONCENTRATION OF SOLUBLE URANIUM Com- 
pounps IN Air. H. C. Hopce, H. E. Stoxincer and W. F. NEuMAN. 
Pp. 107. Atomic Energy Commission Document 2785, nd, decl. Dec. 22, 1949. 


At the end of a year’s exposure to soluble uranium compounds suspended 
as a dust in the atmosphere, the tissues of dogs, rats, rabbits and guinea pigs 
contained on the average the amounts of uranium shown in the accompanying table. 


Approximate Air Concentration Lung Kidney Bone Ash 
(ug./M.3) (ug./Gm.) (ug./Gm.) (ug./Gm.) 

2,000 1.3 2:3 5.9 

50-40 0.4 0.4 0.4 

250-150 0.6 0.8 1.8 


On the average, the lung contains the least, the kidney intermediate amounts, i 
and the bone the highest amounts of uranium. With increasing air concentration, 
there is a tendency for the tissue content of uranium to increase. From analyses 
for uranium content made during the year, it is evident that with increasing 
exposure time there is an increase in bone deposition of uranium. This is not 
a large increase at any concentration, but it is clearly distinguishable in the tests 
at the higher dust levels. Even at an air concentration of 2,000 ug.U/M.%, the 
predicted maximal bone content is only 17 ug.U/Gm. If the figure of 25 ug.U/Gm. 
of tissue is accepted as the uranium tolerance for tissue (considering uranium 
as an internal a emitter), it is evident that the amount deposited in bone following 
the inhalation of atmospheres containing the maximum allowable concentration 
will never constitute a radiological hazard. Based on the rate of deposition 
of uranium in the rat femur when rats are exposed to an atmosphere containing 
2,000 wg.U/M.* as uranyl nitrate hexahydrate dust, the predicted “biological 
half life” of uranium in rat bone is of the order of 10 months. The known typical 
uranium injury of the kidney is an extremely sensitive and reliable indicator of 
toxic effect; the amount of a soluble uranium compound in the air which fails to 
produce any kidney injury is taken as a physiologically safe concentration. The 
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air concentration of 50g.U/M.* of soluble uranium dusts is recommended as 
a tentative maximum allowable concentration. Studies of the chemical toxicity 
of UFs, UOsF2, UO2(NOs)2. 6H:O, and UC have been summarized and tabulated. 
Three 30-day studies are available on UF:, four on UO.F2, four on uranyl 
nitrate hexahydrate, and five on UCh. Two one year studies are available on 
UFs, four on uranyl nitrate hexahydrate and two on UCLi. One two year study is 
summarized in which the exposures during the first year were to several soluble 
and insoluble uranium dusts, and the exposure during the second year was to 
uranyl nitrate hexahydrate dust. From the standpoint of the toxic effects 
observed in all these studies, the maximum allowable concentration recommended, 
viz., 50ug.U/M.%, appears to be a reasonable tentative figure. 


ADAPTATION OF NUCLEAR SCIENCE ABSTRACT. 


Tue Toxicity or BeryLtruM. CLarrE R. TAyLor, Australia Department Supply 


and Development, Defense Research Laboratories, Information Circular no. 15, 
1949, 


This circular is a review with 63 abstracts. 


ToxIcoLOGICAL RESEARCHES ON CARBON DisuLFIDE Poisoninc. R. Fasre, P. 
KorMANN, A. Fapre and P. Vagurer, Rec. d. trav. Inst. Nat. Hyg. 
2:657, 1948. 


A method is described for estimating the amount of carbon disulfide in the 
blood of persons exposed to inhalation of the vapor. Examples are given of 
results obtained in a factory where workers were exposed to concentrations of 
carbon disulfide varying from 0.08 to 0.45 mg. per liter of air, the average 
concentrations being about 0.20 to 0.25 mg. per liter. Results of 11 analyses 
are given; the amounts of carbon disulfide in the samples of blood show a range 
of 0 to 28 mg. per liter of blood. Symptoms included headache, fatigue, cramps 
and somnolence, which were related to the amount of carbon disulfide and the 
period of exposure. The action of carbon disulfide is irreversible, with very 
slow diminution at prolonged periods after removal from exposure. Experiments 
with rabbits show the highest concentrations in the adrenals, brain, kidneys, 
bile and blood. The high figures indicate a strong affinity for the tissue lipids. 


CONDENSED FROM BULL. Hye. 


SuRvEY ON SATURNISM IN LEAD MINERS IN THE MARRAKECH Recion. J. Faure, 
Bull. Inst. d’hyg. Maroc. 9:99, 1949. 


Faure made a survey of lead poisoning in four lead mines in the Marrakech ; 
region. One hundred and forty-three workmen were examined. Definite but mild 
lead poisoning was observed in 12 miners, who presented basophilic aggregation 
in a ratio equal or superior to 1 for 10 microscopic fields. Thirteen additional 
miners were to be considered as likely affected, since the ratio of the basophilic 
aggregation was between 1 for 10 fields and 1 for 20 fields. There was not a 
single instance of colic; many of the patients complained of abdominal pain, but 
it was never of the dramatic intensity observed in classic lead colic. Burton's line 
(blue line) was an inconstant sign, since 25 per cent of the patients with definite 
lead poisoning did not present it. The blue line may be present as an isolated 
symptom in persons whose blood does not present any changes. Workers who 
had been employed for five to 10 years in the process of grinding the metal in water 
presented Burton’s line frequently, while miners exposed to lead dust presented 
hematological changes in absence of this line. Faure suggests that poisoning due 
to slow absorption of small doses may reveal itself by this slowly appearing symptom 
and that massive poisoning, on the contrary, may affect various parts of the body 
before the lead in the saliva may have had time to produce the characteristic line on 
the gums. The author emphasizes the fact that this symptom was always present 
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in the miners after several years of work in the mines and that it was absent 
only in those persons in whom poisoning had occurred rapidly. Hypohemoglo- 
binemia was mild, with from 3,000,000 to 4,000,000 blood corpuscles. Arterial 
hypertension, an early and constant sign, was present in 50 per cent of the patients 
with definite lead poisoning and in 46 per cent of the persons in whom lead poison- 
ing was likely. The risk of intoxication by the digestive route proved to be 
practically nil. There may be only a short induction period: One mine digger 
presented definite poisoning after 10 months of work, and one loader and another 
mine digger after 1% years. 


PERIPHERAL BLOoD AND MYELOGRAM IN EXPERIMENTAL TRINITROTOLUENE PoIson- 
ING. Tommaso Sessa and Orazio Longo, Folia med. 32:448, 1949. 


Daily doses of trinitrotoluene (CsH:Me[NO.]s) caused death in guinea pigs 
in three to eight days after a total dose of 0.6 to 2 Gm.; 0.04 Gm. per week caused 
death within a month. In rabbits 0.08 to 0.12 Gm. given weekly caused death in 
30 to 45 days. The acute poisoning produced severe anemia with hyperchromatosis 
and high reticulocyte formation, leukocytosis and atypical, high erythroplastic 
activity of the bone marrow. Chronic poisoning produced in the guinea pig a 
more moderate anemia and reduced bone marrow activity, with prevalence of 
granulopoiesis over erythropoiesis. The prevalence of leukopoiesis was still more 


marked in the rabbit. Apaptep From A. E. Meyer [Chem. Abstr.]. 


BLoop PHENOLS AND URINARY CONJUGATED SULFATES IN EXPERIMENTAL BENZENE 
PoIsoNING TREATED WITH VITAMIN C. Livar Pecora, Folia med. 32:489, 1949. 


Inhaled benzene (CsHe) is oxidized by the organism to phenols, which are 
excreted as conjugated sulfates. For that reason the ratio conjugated S: total 
S increases in CsHe poisoning. Rabbits were poisoned with daily injections of 
1 ce. per kilogram of a 40 per cent solution of CsHe in oil. A group received also 


0.1 Gm. ascorbic acid intramuscularly. Treatment with CsHe alone produced an 
increase in free and total phenols in the blood, followed by a drop that was more 
accentuated in the conjugated part. In the group treated with ascorbic acid the 
conjugated fraction increased more and the later fall was delayed. The conjugated 
compounds in the urine increased in the ascorbic acid group still more markedly 
and increased more slowly. Ascorbic acid also prolonged survival. 


A. E. Mever [Chem. Abstr.]. 


PHENOL IN BLoop AND URINE IN EXPERIMENTAL INTOXICATION WITH TRINITRO- 
TOLUENE. GIUSEPPE GRAZIANI, Folia med. 32:461, 1949. 


Phenols were determined in the blood and urine by the method of Theis and 
Benedict (Chem. Abstr. 18:3398). The phenols in the blood of six rabbits receiving 
a daily dose of 20 mg. of trinitrotoluene (CsH:Me[{NO:.]s) increased, while the 
urinary elimination dropped. This effect is related to the renal damage produced 


by the poison. A. E. Meyer [Cuem. Asstr.]. 


BAL anv Leap Potsontnc: I. Action or BAL on CopropoRPHYRIN AND LEAD 
IN THE URINE. GruseppeE GRAZIANI, Folia med. 32:467, 1949. 


Rabbits were poisoned with doses of 0.1 Gm. Pb(OAc)s given orally every 
other day. One group received daily 10 mg. BAL per kilogram. The increase in 
elimination of coproporphyrin was equal in both groups but reached higher values 
in the BAL-treated animals because they survived longer. The Pb elimination 
was slightly higher in the BAL-treated animals. The elimination increased in all 
animals gradually, to become constant after 10 to 12 days. 


From Cuem. Asstr. 
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BAL anp Leap Potsontnc: II. Errect on Bioop CHANGES. GIUSEPPE 
Grazianl, Folia med. 32:472, 1949. 


The animals receiving BAL showed only a slight reduction in red corpuscles, 
and in only half of the animals appeared a few basophil-stippled red cells. The 
controls showed a fully developed picture of lead poisoning. 


A. E. Meyer [Chem. Abstr.]. 


EXPERIMENTAL RESEARCH ON INTOXICATION BY HEXAMETHYLENEDIAMINE. 
C. Ceresa AND M. De Brasuts, Med. d. lavoro 41:78 (March) 1950. 


Experimental researches were made on 12 guinea pigs. Six were slowly intoxi- 
cated orally with 2 cg. daily of hexamethylenediamine during a period of 20 to 95 
days; three, subcutaneously with 1 cg. per day for a period of 50 to 64 days, and 
three, with 2 cg. per day; the latter dose killed the animals in a period of five to 
seven days. Diminution of weight, anemia of the hemolytic type with leukopenia, 
and, in the histological examinations, degenerative processes, were noted. These 
degenerative processes were particularly impressive in kidney and liver, less 
important in myocardium. Also noted were hemorrhagic spots in the adrenal 
glands and some necrotic foci in the mucosa of the stomach and bowels. Hexa- 
methylenediamine is therefore a poison capable of producing hemolytic processes. 
Anemia of the hemolytic type, noted by Ceresa in several workers employed in 
a nylon-fabricating factory, can be attributed, therefore, both to hexamethylene- 
diamine and to crude adiponitrile, the hemolytic action of which had been shown 


by Ceresa in a previous work. ADAPTATION OF AUTHORS’ SUMMARY. 


Leap Potsoninc 1N Workers AUTOMOBILES. Enzo Barraso, Med. 
d. lavoro 41:86 (March) 1950. 


Several hundred workers employed in filing automobile bodies were periodically 
examined from 1946 to 1949, inclusive. Thirty-three cases of lead poisoning were 
encountered. The frequency of the symptoms was as follows: Anemia was present 
in all, with an average red corpuscle count of 3,200,00 and a hemoglobin content 
of 66 per cent (Sahli); increased coproporphyrinuria was present in 79 per cent; 
a lead line, in 61 per cent; stippling (more than 100: 1,000,000), in 60 per cent; 
intestinal troubles, in 60 per cent; gastric troubles, in 49 per cent; constipation, 
in 45 per cent; lead color, in 33 per cent; lead colics, in 18 per cent; myalgia and 
arthralgia, in 12 per cent; lead hypertension, in 12 per cent; hyperthyroidism, 
in 9 per cent. One man showed lead palsy. The great dangerousness in filing 
bodies with grinding machines and rotating brushes is stressed. For prevention 
several technical measures are suggested, the most important of which is to 
discontinue the filing with mechanical means and go back to the system of filing 


by hand. ADAPTATION OF AUTHOR’s SUMMARY. 


INVESTIGATIONS OF THE RED Bioop Picture CHronic ACTION OF 
BENZENE AND Its HOMOLOGUES WITH SPECIAL REFERENCE TO THE DIAMETER 
OF THE ErytTHROcyTES. K. Humperpinck and A. Aster, Artzl. Forschung 
3:117 (March 10) 1949. 


Examinations of the blood of 20 intaglio printers were undertaken during the 
course of medical supervision. The ages ranged from 18 to 67, and the duration 
of employment, from six months to 19 years. The methods of measuring the 
blood corpuscles and hemoglobin are described. The conclusion is reached that 
the change in the diameter of the erythrocytes is an early reaction of the hemopoietic 
system to the chronic action of solvents containing benzene and its homologs. 
The leukocyte value in these cases did not show any striking changes either 
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of diminution or of increase. Comparatively low leukocyte counts of 3,000 to 4,000 
can be present over a long period without the appearance of any subjective symp- 


toms or objective changes. ConDENSED FROM BuLL. Hye. 


DETECTION OF FLUuoRINE-CONTAINING INDUSTRIAL FUMES BY ANALYSIS OF 
Urine or Cattte. E. Kritcer, Deutsche tierarztl. d. Wehnschr. 56:325, 1949. 


Changes in teeth and bones of cattle poisoned by fluorine are rarely discovered 
before the animals are dead. Urine analysis permits early diagnosis of fluorine 
poisoning and makes it possible to save the lives of many animals. The fluorine 
contents of the urine of four suspected cattle ranged from 21.3 to 89.6 mg. per liter. 
The feed of these animals contained from 0.81 to 1.25 mg. fluorine per gram of 


dried leaf material. Rupotpn Semen [Chem. Abstr.]. 


A Case or INDUSTRIAL ARSENICAL CANCER OCCURRING FOR THE First TIME 
tn HuNGARY AND A COMPREHENSIVE ANALYSIS OF It. G. FRANK, Acta 
dermat.-venereol. 30:163, 1950. 


Frank presents the case of a man aged 47 who had worked in a chemical factory 
between 1929 and 1938. His work was concerned chiefly with the production of 
an agricultural spray containing sodium arsenate. He also handled an antiscabious 
product used in veterinary medicine, which contained tar, fatty acids and resins. 
He had no symptoms until 1940, when he experienced a transient eruption of red 
spots all over his body. Ever since 1943, he had scaly patches over the entire 
skin, which left red spots when the brownish gray scales rubbed off. At that 
time he had been given arsenic by injection as well as by mouth, without the 
slightest improvement. 

In 1947 a wart the size of a cherry developed on the nose. The growth dis- 
appeared in response to the application of radium. Biopsy had disclosed no 
cancerous degeneration. During 1947, three or four bean-sized knots and several 
scaly patches appeared on the scrotum. Examination at this time revealed all 
over the trunk and limbs, the right temporal region and the scrotum bean-sized, 
somewhat elevated, psoriasis-like, scaly patches, suggestive of Bowen’s disease 
(precancerous dermatitis). Partly within these spots, partly in their neighborhood, 
there were hyperpigmentated areas. The right half of the scrotum showed four 
pea to bean-sized knots partly connected by scaly areas. One of the larger 
nodes was ulcerated. 

Biopsy specimens were obtained from the intact skin, from the lesions resembling 
Bowen’s precancerous dermatitis and the lesions of the scrotum, the last revealing 
cancer. The authors also determined the arsenic content of biopsy material from 
these three sites and found that the respective figures for intact skin, lesions sug- 
gestive of Bowen’s precancerous dermatosis and cancer of the scrotum were 
0.3 mg., 106.7 mg. and 4.78 mg. per hundred grams. They point out that Q.2 mg. 
is regarded as normal for the intact skin. 

Since dimercaprol (BAL; British-antilewisite) has proved helpful in arsenical 
and other metallic intoxications, the patient was given a 10 days’ course, 100 mg. 
(as a 10 per cent solution in oil) being administered thrice daily during the first 
days and twice daily on the following days. Renewed biopsy of the lesions sug- 
gesting Bowen's dermatitis revealed that the arsenic had largely disappeared, 
the content now being only about 1.8 mg., compared with 106.7 mg. before treat- 
ment. However, the treatment with dimercaprol produced no clinical improvement. 


Curonic Carson MonoxipE Potsontnc: A Stupy OccuPpATIONAL MEDICINE 
(ENGLISH TRANSLATION). A. Grut. Pp. 229. Copenhagen, Denmark, Ejnar 
Munksgaard, 1949. 


Grut presents extensive evidence to prove that prolonged exposure to carbon 
monoxide gradually leads to a syndrome of characteristic symptoms. He does not 
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consider that an abrupt change takes place in the syndrome when these exposures 
become intense enough to give rise to acute toxic symptoms. The incidence of 
chronic carbon monoxide poisoning has been found to be higher among persons 
with a medical history of frequent acute poisonings, but chronic poisoning may 
occur unpreceded by acute poisonings. Smoking and age have no relation to the 
incidence of chronic poisoning. The condition is far more common among producer 
gas workers than among other workers exposed to carbon monoxide. Animal 
experiments have demonstrated that chronic changes can be induced by low 
concentrations of carbon monoxide. It is impossible to assign a limit to the exposure 
required to induce chronic poisoning, since it depends on the intensity, duration and 


frequency of the exposures. F. F. Rupert [Inpust. Hye. Dicest.] 


Factors INFLUENCING THE MECHANISM OF LEAD PorsonING. JAN MULLER, 
Pracovni Lékarstvi 2:49, 1950. 


The ability of red blood cells to adsorb lead was studied. In nonexposed cells, 
the finding of Behrens and Pachur of a logarithmic relationship between lead added 
and lead adsorbed by a red cell was verified. Further it was shown that there 
are differences in the ability of red cells of different individuals to adsorb lead. 
It was assumed that the appearance of nonhematological symptoms of lead poisoning 
depended on the lead flowing into the interstitial fluid and that only lead not bound 
to red blood cells is available to reach the interstitial fluid. Therefore, persons 
whose red cells have a smaller ability to adsorb lead will show hematological signs 
of lead poisoning sooner than those whose red cells adsorb lead better. The 
ability of the individual cells to adsorb lead, therefore, can be used as a measure 
of individual resistance to lead poisoning. 


In persons with adequate previous exposuré a different shape of absorption 
curve was found. The shape of the curve gives an indication of immediate danger. 


ADAPTATION OF AUTHOR’S SUMMARY. 


Determination of Air-Borne Contaminants 


Micro-Cirmatic Factors SMOKE PoLLuTION FROM TALL Stacks. H. 
Lowry, Atomic Energy Commission Unclassified Document—688, no date, 
1 page. 

The document is in abstract form; it is reproduced below in its entirety. 

“The basic meteorological factors which affect the dispersion of effluent from tall 
stacks are discussed in terms of their utility in determining a pollution climatology. 
These factors include: wind speed, direction, and gustiness, and the vertical 
temperature gradient. It is shown that, for tall stacks, all of these factors can be 
approximated from the record of a single anemometer and vane mounted near the 
level of the stack-top. 

“Using data collected at Upton, New York, an operational climatology is devel- 
oped which combines the variables into a single pollution index. Examples are 
shown of such an index. The limitations of the index result both from the lack of 


a firm theory and from nonmeteorological factors such as local topography and 


” 
the nature of the effluent. NucLEAR SCIENCE ABSTRACTS. 


THE FoRECASTING OF MICROMETEOROLOGICAL VARIABLES. MAYNARD E. SITs, 
Atomic Energy Commission Unclassified Document—702, no date, 1 page. 

The document is in abstract form; it is reproduced below in its entirety: 

“The current status of the forecasting program developed for nuclear reactor 
operations at Brookhaven National Laboratory is discussed in some detail. In the 
examination of the forecasting method emphasis is placed on the use of relationships 
between synoptic and micrometeorological variables as they have been determined 
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by observation and climatological studies. The practical application of this type 
of program to industrial problems, both in the field of atomic energy and otherwise, 


” 
is considered. NucLear SCIENCE ABSTRACTS. 


Quartz Fines 1n Demouition Dust. G. A. HuNnotp and A. Chem. Ing. 
Tech. 21:463, 1949. 


Quantitative data are reported for the presence of silica fines in the dust from 
demolition and clean-up work, and it is concluded that health hazards are not 


present. K. KAMMERMEYER [Chem. Abst.]. 


Mricro-MEASUREMENTS OF Size or Dust Partictes. Yu O. Ranxo, Colloid J. 
Russ. 10:42, 1948. 


Stereophotometric measurements of the size of dust particles visible under the 
microscope lead to more accurate determinations, since the systematic errors 
obtained by determining the size by flat projection are obviated. Mathematical 
analysis of the mistakes possible in this three-dimensional measurement shows that 
the magnitude of the error depends on the small dimensions of the base. Linear 
parallax is negligible. The use of modern optical apparatus makes it possible to 
measure particles more than 1-2 microns to 0.1 micron with less waste in time 


and energy. ATMOSPHERIC PoLLUTION BULLETIN. 


Rapip Metruop or Estimation OF HyprocGeN SuLFipE: I. HyproceN SULFIDE 
Detector. Tetsuzo Kiracawa, Rep. Tokyo Indust. Research Inst. 44:1, 1949. 


Spray 1 part of Pb(OAc): solution on 3 parts SiO. gel, dried at 65 C. Place 
the ground granules, thus prepared, in a glass tube (diameter 3.3-3.9, length 80-100 
mm.) and introduce 100 ml. of gas through it at the rate of 10-20 sec. The 
length of black coloration is proportional to the amount of H2S. 


K. Kritsuta [Chem. Abst.]. 


Radioactive Substances and X-Ray 


HAZARDS IN THE USE oF RaproactiveE STATIC ELIMINATORS AND THEIR CONTROL, 
Joun E. Strson, Am. J. Pub. Health 40:943 (Aug.) 1950. 


Silson points out that the use of radium-containing bars for the control of 
static electricity generated in various industrial operations requires in turn 
careful control of the radiation hazards presented by this material. Protection 
against the gamma radiation involves the maintenance at all times of a minimum 
distance between the worker and the source, since shielding is generally impractical 
because of the great thickness of lead required. The beta radiation, on the other 
hand, requires a much greater distance to get below tolerance dosage, but is 
much more readily controlled by shielding. Much of this shielding can be 
accomplished by the use of a properly designed housing for the source, without 
interfering appreciably with the alpha radiation necessary for the ionization of 
the atmosphere. No additional precautions are necessary for protection against 
the alpha rays, except the use of gloves when momentarily handling the bars, as 
in cleaning them. There is no hazard from radon gas in a normally ventilated 
workroom, and no appreciable adsorption of this gas in the dust and lint which 
collects on the bars. 

A careful evaluation of each industrial operation for which the bars are 
recommended is essential in order to provide adequate protection for the employees. 
Care must be used in locating bars to provide proper distance and shielding for 
all phases of operation. Film badge monitoring and medical supervision of the 
workers are advisable as a final check on the adequacy of the control measures. 


From THE AuTHOR’s SUMMARY. 
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RADIATION ExposurRE OF PERSONNEL HANDLING MONEL METAL NASOPHARYNGEAL 
Rapium Appiicator. H. J. Rupin, B. M. Kutty and R. D. FINKLeE, 
Ann. Otol., Rhin. & Laryng. 59:90 (March) 1950. 


In a carefully monitored series of treatments with the 50 mg. monel metal 
nasopharyngeal radium applicator Rubin and his associates found that total 
body irradiation did not exceed 6 millicuries per treatment for the physician 
and his assistant. Average exposure of the entire length cf both index fingers 
of the physician was 26 millicuries and of several finger tips 50 millicuries per 
treatment. Pending official recommendation the authors adopted 600 millicuries 
per week as permissible exposure for hands and fingers. In accordance with 
this value the maximum number of treatments which one physician may administer 
weekly by their technic is 12, finger tip exposure and not whole body exposure 
being the limiting factor. The results obtained suggest that generally accepted 
recommendations concerning the number of treatments that physicians may 
administer without endangering themselves are too high for safety. Lead shields 
or other accessories for the radium applicator or modifications in its construction 
might reduce the dose delivered to the physician’s finger tips and thereby permit a 
larger number of treatments. If a technic differs appreciably from the one used 
by the authors, it should be monitored to ascertain the number of treatments 
that can be given without exceeding tolerance. J.A. M.A. 


RapiaTION BurRNS, INCLUDING VOCATIONAL AND Atomic ExposuRES: TREATMENT 
AND SURGICAL PREVENTION oF CHRONIC Lesions. J. B. Brown, F. 
McDoweELt ANpD M. P. Fryer, Ann. Surg. 180:593 (Oct.) 1949. 


The authors consider in detail the management of acute and chronic lesions 
resulting from vocational and therapeutic exposure to radiation. Prompt and 
skilled attention is required because of the disastrous consequences of mismanage- 
ment, especially the development of carcinoma. 

Conservative management in the form of sedation, rest, control of pain and 
prevention of infection is indicated in acute burns. Grafting of wounds should 
be performed as soon as it is felt that a free graft will survive. 

Chronic burns are more common and may be frequently seen on physicians’ 
hands. Effective treatment requires excision and repair of the defects with free 
skin grafts or flaps. Great pains must be taken to preserve existing blood and 
nerve supply. 


Some atomic radiation burns have been seen. These apparently occur as 
a result of both beta and gamma exposure. The exposure is usually of very short 
duration and high intensity, with rapid development of damage. Blistering occurs 
in four to six days and is followed in about 30 days by healing or slough, 
depending on the exposure. Conservative therapy such as that outlined for 
acute radiation is indicated. 


W. R. CHRISTENSEN, Boston. 


RaproactivE Waste Disposat. Joun A. Ayres, Atomic Energy Commission 
Document 2802, no date, 25 pages, declassified Jan. 31, 1950. 


In laboratories using radioactive tracers a large amount of liquid wastes 
having a low level of activity will be produced. In many cases it may be 
desirable to treat these wastes before they are discharged into the sewers or 
released in any other manner into the ground or water. Ion exchange is applicable 
to problems of this sort in that it may be used for the removal of small amounts 
of ions from very dilute solutions. The problem of removal of radioactive 
solids from laboratory wastes is complicated by the fact that the wastes are 
heterogeneous and vary from day to day. The wastes will contain solids, organic 
solvents, oils, and reagents which may form complexes with metallic ions. The 
research program to evaluate ion exchange has been divided into several parts, 
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namely: (1) the efficiency of ion exchange resins for this type of process; (2) 
determination of operating curves under set conditions for typical types of ions; 
(3) determination of amount of leakage or efficiency of ion exchange resin in 
order to estimate decontamination factors; (4) effect of reagents which might 
cause precipitation or complexing; (5) effect of solvents, greases, detergents or 
precipitates; (6) possible concentration by incineration. Two procedures, complete 
deionization and partial deionization, are described. Experimental evidence was 
obtained to show that (a) a high decontamination factor may be obtained using 
synthetic solutions which represent laboratory conditions; (b) a high concentration 
factor may be obtained making possible the compacting of the wastes into small 
volumes; (c) the presence of ordinary contaminants such as oils, solvents and 
precipitates do not have a great deleterious effect. 


SCIENCE ABSTRACTS. 


Mopern INSTRUMENTS FOR HEALTH PROTECTION. EVERETT 
W. Mo toy and Arno_p O. BECKMAN, Mach. Eng. 71:649 (Aug.) 1949. 


The authors give a brief summary of the nature and ionizing effects of the 
different types of nuclear radiation and then describe in popular terms the operation 
of several detectors. This description includes separate sections on ionization 
chambers, Geiger counters and proportional counters. They discuss the use of these 
detectors in the more common types of detecting instruments. In the concluding 
section they describe the type of instrument which indicates the total amount of 
radiation received by the worker over a given period. 


NUCLEAR SCIENCE ABSTRACTS. 


Units or Raproactivity. L. F. Curtiss, R. D. EvANs, WasrREN JOHNSON and 
Gitenn T. SEABoRG, Phys. Rev. 77:142 (Jan. 1) 1950. 


In November 1947 a joint committee of the division of Chemistry and Chemical 
Technology and the Division of Mathematical and Physical Sciences of the National 
Research Council was appointed to make recommendations regarding standards 
and units of radioactivity. This committee suggested that the curie be defined 
as a quantity of material undergoing 3.7 x 101° disintegrations per second, the 
rutherford as a quantity of material undergoing 10° disintegrations per second, 
and that the roentgen rate per hour at 1 M. be adopted for the quantitative 


comparison of gam 


PROTECTING PHOTOFLUOROGRAPHIC PERSONNEL FROM EXCESSIVE RADIATION. 
Witrarp W. Van ALLEN, Pub. Health Rep. 65:865 (July 7) 1950. 


This report emphasizes that personnel operating photofluorographic equipment 
may be exposed to excessive radiation and indicates the studies which the United 
States Public Health Service has undertaken to determine the most effective 
protective technics. 

The author notes that radiation hazard is serious because (1) the energy 
required for photofluorography is greater than that for conventional radiography, 
(2) the number of daily exposures may be great, and (3) the space and portability 
requirements of the equipment interfere with employment of the usual protective 
devices. 

The problem is being studied by continuous monitoring of personnel using 
film badge technics and determination of radiation fields surrounding equipment. 
The results of the first five weeks of the monitoring study are presented. The 
data show that initially 20 per cent of personnel received more than the minimum 
tolerable dose of radiation. However, follow-up procedures eliminated all 
personnel from the overexposed group during the second, fourth and fifth weeks. 

Isodose curves of the secondary radiation fields about a typical unit are presented. 
These indicate that all personnel working in the unit must be shielded by suitable 
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protective barriers. It might also be well to note that any personnel permanently 
stationed in close proximity to such a unit should likewise be protected. 


W. R. CHRISTENSEN, Boston. 


BIBLIOGRAPHY RADIATION Detection (lst EDITION). Atomic ENERGY Com- 
MISSION, Radiation Instruments Branch Report, no. 2, 143 pages, July, 1949. 


This bibliography of reports and journal references covers the following 
subjects: detector components, count rate meters, ionization chamber rate or 
integrating meters, scalers, accessories for radiation detection instruments, related 
instruments, radiochemical laboratory technics, radiation interaction with matter, 


health physics and radiation sources. Nucutan Scrmmct Ansruaces: 


THe oF Excessive RADIATION DURING ROUTINE INVESTIGATIONS OF 
THE Heart. T. H. Hitts and R. W. Stanrorp, Brit. Heart J. 12:45 (Jan.) 
1950. 


An account of the types of measurements made during routine cases of angio- 
cardiography and cardiac catheterization is given. Details are provided concern- 
ing the possible amounts of excess radiation to which the patient and the technical 
personnel may be exposed during the routine investigations; suggestions are made 
as to means whereby the excess can be avoided or reduced to a safe level. Dis- 
tance, lead and rubber aprons and gloves, and other protective devices and measures 
are discussed. Accurate monitoring and calculation of the radiation exposure 
experienced by the patient are also mentioned as safeguards. 


AvuTuHors’ ABSTRACT. 


TRACK DEMONSTRATION OF RADIOACTIVE SUBSTANCES IN BIOLOGICAL TISSUES 
IN SpecIAL REFERENCE TO THE DIAGNosIS oF RaptuM PoIsoNING (IN 
GERMAN). HERMANN SCHAEFER, Strahlentherapie 78:563, 1949. 


The normal amount of radium in living tissues has been determined to be 
about 10°°3 to 1072 Gm. radium/Gm. tissue. This means that 1 Gm. of tissue 
sends out 0.037 a particles per second or about 2 @ particles per minute. For 
these measurements a newly developed point-counter (A-Krebs) and counting 
tube have been used. However, a better method is available: the particle track 
demonstration of @ particles in a photoemulsion. Gained by this method was 
the knowledge that the active substance does not only exist in molecular dispersion 
in the tissue but occurs also in colloidal solution and suspension. Colloidal thorium 
dioxide (thorotrast®) has been investigated with the same method, and it was 
found that the total (a particle) activity of an ampul of 12 cc. thorotrast® is 
2.25 x 10° Gm. radium eq which for an organism of 60 Kg. weight would 
be 3.75 x 1013 Gm. radium eq/Gm. tissue. If thorotrast® (after intravenous 
injection) would be evenly distributed in the organism, the dosage should not 
cause any damage, but in the reticular endothelial system it reaches much higher 
concentrations. The much stronger @ radiations of the radioactive decay products 
become a great danger to the organism. One thorotrast® tumor was subjected 
to the same investigation: microtome sections after fixation showed unexplained 
high contents of 2.0 x 10°8 Gm. radium eq/Gm. tissue. Thorium X (as used 
in the thorium X therapy of Troch) does not show any selective accumulation in 
any tissue after intravenous injection. There exists a difference in the activity 
of different tissues; after an intravenous dosage of thorium X the spleen exhibited 
the highest activity; the liver and tumors of the lungs exhibited smaller con- 
centrations. Another new result is that in a platinum-eosin-sol loaded with 
thorium X, the latter is always only molecularly dispersed, whereas the activities 
in the tissue occur also in aggregations. 


ADAPTATION OF NUCLEAR SCIENCE ABSTRACT. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 


News Letter, November 30 


The Third Gulf Coast Regional Conference on Industrial Health was held in Houston, 
Texas, Oct. 12-14, 1950. As quarterback, the Public Health Committee of the Houston Chamber 
of Commerce received excellent team support from the state and local health departments, 
Baylor and Texas university medical departments, the safety engineers, the Manufacturers 
Association, industrial nurses and the industrial health section of the local county medical 
society. The attendance of around 400 included approximately 15 per cent physicians, 20 per 
cent nurses, 25 per cent industrial hygienists and 40 per cent representatives of management. 
Local organized labor had been invited to act as co-sponsors and to participate in the confer- 
ence but declined. Mr. Harry Read, of the CIO, was present and participated in two of the 
conference panels. 

Dr. R. A. Kehoe, director of the Kettering Laboratory of Applied Physiology, University 
of Cincinnati, gave a challenging keynote address indicating that there is a job to be done in 
industrial medicine and hygiene which is going to be accomplished either by the teamwork of 
private enterprise or by the federal government. He stressed the need for management, labor 
and the professions to join forces and work out these problems in the typical “American way.” 

At the luncheon on October 12, Dr. Robert L. Sutherland, director, Hogg Foundation for ' 
Mental Hygiene, University of Texas, indicated the importance of bringing the working man, 
the ultimate consumer, into the planning for services which are designed for his benefit. He 
stated that mostt of the antagonisms and negative emotional responses that are encountered 
throughout society are due to lack of information, misinformation and misinterpretation of 
situations. 


During the afternoon session the need for teamwork in industrial health was discussed. At 
the banquet Dr. James S. Simmons, dean of the Harvard School of Public Health, gave the 
principal address, “Health and Manpower in Peace or War.” He pointed up the importance 
of proceeding rapidly with civil defense planning and indicated the pressing need for 
reevaluating the manpower standards for employment. 


On October 13 the morning session was divided into two meetings running concurrently ; 
one group considered the placement of the physically handicapped in industry, while the other 
group participated in a symposium on industrial wastes and stream pollution. 

The luncheon speaker was Dr. Stanley J. Sarnoff, of the Harvard University School of 
Public Health, who told the story of the development of the electrophrenic respirator. A demon- 
stration of the apparatus followed. The Harvard School of Public Health had a scientific 
exhibit at the conference entitled “The Air We Breathe,” which attracted much interest among 
those in attendance. 


The midyear board meeting of the American Association of Industrial Nurses met concur- 
rently with the conference. The program on Saturday, October 14, was for the industrial nurses. 
Dr. R. B. O'Connor, division medical director, Loss Prevention Department, Liberty Mutual 
Insurance Company, gave an unusually interesting discussion of that company’s recent efforts 
in developing small plant industrial health programs. He listed the following prerequisites that 
are necessary for a successful health unit: 


1. Medical department interest in industrial health must go beyond medical care in a “pre- 
ventive minded” way to forestall accidents and diseases. 


2. Medical service must come into the plant. 
3. There must be interest and support on the part of management. 
4. The primary aim must be to benefit employees. 

116 


: 
J 
item 
i 
; 
q 
F 
4 
4 
4 
} 
4 
j 
; 
| 


NEWS AND COMMENT 


117 


The Gulf Coast Regional Conference has had a healthy growth during these past three 
years, indicating an increasing consciousness of the need for expanding the industrial health 
educational and service facilities to meet the problems created by the rapidly increasing 
industrialization of this area. The regional appeal of the meeting was demonstrated by the 
attendance of representatives not only from all sections of Texas but from Oklahoma, Arkansas 
and Louisiana, as well. 


VACANCY ON INTERNATIONAL LABOR OFFICE STAFF 


The International Labor Office announces that until Jan. 31, 1951 applications may be made 
for the position of member of section, Industrial Hygiene Division, International Staff. The 
Industrial Hygiene Division is at present located in Geneva, Switzerland, but the successful 
candidate may be required to work at any other place at which this Division of the International 
Labor Office may be established. The work calls for collecting and classifying documentation in 
respect to occupational health, especially medical rehabilitation; cooperating with specialists 
in these and related fields, such as public health, physiology, physics and psychology; drafting 
notes on the above questions for the Office publications; assisting in the preparation of reports 
for conferences and committees; working in an expert or secretarial capacity at sessions of the 
International Labor Conference or other International Labor Office meetings, and furnishing 
technical information and advice on occupational health. The applicant must be a citizen of the 
United States, not less than 27 or more than 35 years of age, with an M.D. degree, the ability 
to write good English, a good knowledge of French and a thorough knowledge of industrial 
medicine. The initial salary will be fixed at $5,000 unless age, experience and qualifications of 
the successful candidate justify a higher commencing salary. The post will be a permanent one, 
subject to one year’s probation. Applications should be made to the Washington Branch of the 
International Labor Office, 1825 Jefferson Place, Washington 6, D. C. Qualified candidates may 
be required to take a written examination. 


ELEVENTH ANNUAL CONGRESS ON INDUSTRIAL HEALTH 


The Council on Industrial Health announces that its Eleventh Annual Congress on Industrial 
Health will be held in Atlanta, Ga., at the Hotel Atlanta Biltmore, Feb. 26-28, 1951. 


PROGRAM 
February 26 
A. M. 

Opening Ceremonies. 

Health for the Southern Worker. A prominent Southern industrialist will indicate the 
increasing demand for health services brought about by the growing industrialization of the 
South. 

The South Meets the Problem. Round table. 

1. Industrial Health Is a Community Problem. 
. An Organization for Small Plant Service. 
. The Essentials of Good Industrial Hygiene. 
. Expanding Industrial Health Needs Qualified Physicians. 
. Research. 

6. New Experiences Foretell the Future. 

Luncheon: A Report of the Greater Atlanta Multiphasic Survey. 


wn 


P.M. 


Improvement in industrial health depends on teamwork at many points. A new and old 
problem are presented to illustrate this need. 
1. Economic Poisons. Chemicals designed to control pests must be used with full appre- 


ciation of their harmful properties to protect the maker, the technicians who apply 
them and the food producers. A panel will discuss: 


a. How Important Is the Problem? 
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b. Essentials for Safe Handling. 
c. Effectiveness of Consumer Education. 
d. What the Rural Physician Needs to Know. 
e. What Additional Lines of Defense Are Needed. 
f. Specific Recommendations and Summary. 
This panel has been arranged in cooperation with the Committee on Pesticides of the 
American Medical Association. 

2. Hand Injuries. The hand is very valuable—and very vulnerable. “What can team- 
work between compensation administrator, safety expert, physician, consulting 
specialist and rehabilitationist do to improve the situation. The panel will discuss : 

a. What Does the Record Show? 
b. Safety Is Preventive Surgery. 
c. Early Medical Management. 
d. Reconstruction and Rehabilitation. 
e. Summary. 
Banquet. The Eleventh Plank. The American Medical Association’s program in industrial 
health. 
Rehabilitation. A demonstration. 


February 27 
A. M. 


The Cardiac in Industry. Round table. 
Luncheon: The Georgia State Industrial Nurses’ Association is sponsoring this meeting and 
will present a nationally recognized authority in the field of industrial nursing. 


P.M. 
Industrial Health and Civil Defense. 
1. Industrial Health and the Effective Use of the Total Work Force. 
a. Physical Standards for Armed Services. 
b. Aging. 
c. Handicapped. 
d. Women. 
2. Disaster. 
a. Integration with Community Civil Defense Plans. 
Psychological. 
| Physical: Mechanical, Fire, Chemical. 
b. Agents. { Biological. 
| T.N.T. Bombing. 
| A-Bombing. 


February 28 
A.M. 


Noise in Industry. 
1. Clinical Diagnosis of Occupational Acoustic Trauma. 
2. Environmental aspects. 


a. Measurement of noise levels. 
Control at Source. 


b. n ise. 
Control of noise Personal Protective Devices. 


3. Clinical Study of Occupational Acoustic Trauma. 
P.M. 


Industrial Pulmonary Dust Diseases. 
1. Etiology and Pathogenesis. 
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2. Clinical Diagnosis and Course. 
a. Occupational History. 
b. Physiological and Physical Evidences. 
c. Complications. Clinical Course and Characteristics. 
d. Disability. 
e. Therapy. 
3. Rehabilitation. 
4. Engineering Control. 
a. Environmental. Evaluation. 
b. Prevention and/or Control. 


At designated times during the entire two days, the Georgia Department of Public Health 
will have one of its regular survey screening teams functioning adjacent to the meeting rooms 
to afford everyone who cares to participate an opportunity to go through the battery of tests. 
(Consult registration desk for particulars.) 

The Petrie Clinic, a cooperative small plant industrial medical service clinic, will hold “open 
house” during the Congress meetings. Field trips will be arranged to afford all those who are 
interested an opportunity to visit the clinic. (Consult registration desk for particulars.) 
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Book Reviews 


Pneumoconiosis: Beryllium, Bauxite Fumes, Compensation. A. J. Vorwald, Editor. 
Pp. 659. Price $10. Paul B. Hoeber, Inc., 49 E. 33d St., New York 16, 1950. 


This volume, reporting the Sixth Saranac Symposium, held in 1947, is dedicated to 
Dr. Leroy U. Gardner, because he planned the conference before his death. The 39 papers 
presented are given in full. Twenty-nine of the papers are concerned with beryllium. Sections 
of the discussion, of several papers each, deal with the history and industrial aspects of the 
problem, the acute disease, the chronic or delayed disease, toxicity studies in connection with 
atomic energy production, and experimental aspects. A bibliography of 684 references is included. 
In addition, there are three papers on Shaver’s disease, which occurred in workers exposed to 
fumes from the electric furnaces used in the production of fused alumina, and seven on compensa- 
tion for occupational disease, dealing with latest laws and practices. Space does not permit 
dealing with the authors separately, but the volume constitutes an important addition to the 


literature on beryllium poisoning. F. F. Rurerr (Indust. Hyg. Digest]. 


SPECIAL NOTICE 


For the general information of indexers, catalogers and library personnel with reference to 
the listing of the new title of this journal, we advise that the Quarterly Cumulative Index 
Medicus policy be followed. The Quarterly Cumulative Index Medicus with its volume 49 
(January-June 1951) will list this journal under the new title, so that the letters A. M. A. 
will be included as an integral part of the title. For the completion of volume 48 (July- 
December 1950) the Quarterly Cumulative Index Medicus will continue to use the old title, 
without adding the designation A. M. A. 
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for rapid response 
in the pneumonias 


lobar pneumonia with bacteremia 
“After initiation of Chloromycetin therapy the temperature 


returned to normal within forty-eight hours, and 
prompt subsidence of the cough and chest pain occurred.”' 


bronchopneumonia 
“Clinically, the child improved rapidly and was out of 
the oxygen tent in 24 hours and afebrile in 36 hours.” 


primary atypical (virus) pneumonia 
“On the first evening of Chloromycetin treatment the 


subjective symptoms were less severe, and within 
24 hours his fever began to settle.”3 


Chloromycetin is effective against practically all 
pneumonia-causing organisms. Response is strikingly 
rapid, temperature drops, the lungs clear. . . 

and your patient is convalescent. 


Chloromycetin is unusually well tolerated. Side effects are 
rare, severe reactions almost unknown. 


Bibliography (1) Hewitt, W. L., and Williams, Jr., B.: 
New England J. Med. 242:119, 1950. (2) Recinos, Jr., A.; 

Ross, S.; Olshaker, B., and Twible, E.: New England J. Med. 
241:733, 1949. (3) Wood, E. jis Lancet 2:55, 1949. 


(chloramphenicol, Parke-Davis ) is supplied 


Chi ti 
Kapseals® of 250 mg., and in capsules of 50 mg. 
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Quantity prices 
quoted on request 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking in this modern 


series of pamphiets by Dr. Thurman B. Rice. 


Being a physician, 


biologist and teacher, as well as the father of a family, Dr. Rice 
is well equipped to deal with this difficult subject properly and 


helpfully. 


THOSE FIRST SEX QUES- 
TIONS 


Vor the parents of very young 
children. Answers to the 
groping questions of the lit- 
tlest ones. 40 pages. 25 cents. 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
— parents. 36 pages. 25 50 pages 


morrow. 44 pages. 


IN TRAINING 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
25 cents. 


THE AGE OF ROMANCE 
For young men and women, 
dealing with the problem as 
a unit for both sexes. 44 
Dages. 25 cents. 


For boys of high school age, 
interpreting their adolescent 
development in terms of ath- 
letic and other achievements. 
25 cents. 


each 
Set of five in 
file case, $1.00 


FOR ADULT READING 


SEX EDUCAT'ON FOR THE PRE- 
SCHOOL CHILD 
By Harold E. Jones and Katherine 
Read. 12 pages. 15 cents. 
FOR THE TEN 
By Marjorie Bolles. 
cents. 


SEX ——_ FOR THE ADO- 


12 pages. 15 


George W. Corner Carney 
Landis. 20 pages. 15 cen 


THE FACTS ABOUT SEX 
Also. . 


By Audrey McKeever. To be read by 
parents or children. 16 pages. 15 cents. 


ANSWERS TO PRACTICAL QUESTIONS 
ON MENSTRUATION 
by Margaret Bell. 


8 pages. 10 cents. 


535 North Dearborn Street 
Chicago 10, ill. 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages 
15 cents. 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cefts 
GETTING READY FOR MARRIED LIFE 
By Howard Dittrick, 29 pages. 20 
cents. 
HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 10 cents. 


THE wer. YOU CAN’T SAY (MAS- 
TURBATION) 


By Hannah Lees. 8 pages. 10 cents. 
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she feels an attack coming on, 
she simply reaches into her purse, 
takes out the Aerohalor® and takes three 
or four inhalations of a bronchodilating 
powder called NorisopRINE Sulfate. 
The bronchospasm ends quickly. 


This take-it-with-you therapy is effective ef 


against both mild and severe asthma, 

has restored many chronic asthmatics 

to normal activity. Proved by clinical 
investigation,!.2 NORISODRINE has relatively 
low toxicity. Few side-effects result when 
the drug is properly used and, when 

they do, are usually minor. 

Before prescribing NorIsopRINE, however, 
please write for literature which discusses 
dosage and precautions. NoRIsODRINE 
Sulfate powder 10% and 25% is supplied 
in multiple-dose Aerohalor* Cartridges, 
packaged three to an air-tight vial. 
Aerohalor is prescribed separately. 

Abbott Laboratories, 


NorthChicago, Illinois. 


*Trade Mark for Abbott Sifter Cartridge 
®Abbott’s Powder Inhaler 


NoRISODRINE sutate Poe 


The Inhalation ot 

vy, A. C. ), e Inhalation 

1- Dihydroxyphenyl)-2-Isopropyl- (ISOPROPYLARTERENOL SULFATE, ABBOTT) 
aminoethanol (Norisodrine Sulfate Dust), 

J. Allergy, 20:111, March. 2. Krasno, L. R., 

Grossman, M., and Ivy, A. C. (1948), The 

Inhalation of Norisodrine Sulfate Dust, 


Selence, 108:476, Oct. 29... Always Ready for Use when the Need Arises 


Chronic Asthmatic 
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APPROVED 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


Since the ps Boe ge of the war on 
1 


occupational diseases of the respirato 

system, Willson has cooperated wit 
outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 

the product. . 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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